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Protocol for the Ambient Air Monitoring 
of Endosulfan 

In Fresno County Ouring Summer 1996 

I. lntroductlan 

At the request of the California Department of Pesticide Regulation (DPR), (March 20, 1996 
Memorandum from John Sanders to George Lew) the Air Resources Board (ARB) staff will 
determine airborne concentrations of the pesticide endosulfan over a five week ambient 
monitoring program in populated areas. This monitoring will be done to fulfill the 
requirements of A6 180713219 (Food and Agricultural Code, Division 7, Chapter 3, Article 
1.5) which requires the ARB “to document the level of airborne emissions . . . . of pesticides 
which may be determined to pose a present or potential hazard...” when requested by the 
OPR. The monitoring is in support of the OPR toxic air contaminant program and will be 
conducted in Fresno County. 

The method development results and Standard Operating Procedures for endosulfan analysis 
are included in this protocol as Attachment A. 

II. MaI Prooerties of Endosulfan 

To fulfill the requirements of AB 1807/3219 (California Food and Agricultural Code, Division 
7, Chapter 3, Article 1.5), the Department of Pesticide Regulation has previously requested 
that the Air Resources Board document the airborne concentrations of the pesticide 
endosulfan [(3a,5aB,6a,9a,ga8)- or (3a,5aa,6B,98,9aa)- 6,7,8,9,10,10-Hexachloro- 
1 ,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3-benzo-dioxathiepin-3-oxideJ. 

The technical grades of endosulfan are mixtures of two stereoisomers a-Endosulfan 
(6467%) and B-endosulfan (32-29%) with approximately 4% other material. a-Endosulfan 
[(3a,5a~,6a,9a,9ap)-6,7,8,9,lO,lO-Hexachloro-l,5,5a,6,9,9a-hexahydro-6,9-methano- 
2,4,3-bento-dioxathiepin-3-oxide] (CAS:959-98-8) and B-endosulfan [3a,5aa,6B,gB,gaa)- 
6,7,8,9,10,10-Hexachloro-l,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3-benzo-dioxathiepin- 
3-oxide1 (CAS: 33213-65-9) are colorless to brown crystals emitting a sulfur dioxide-like 
odor. Endosulfan has a molecular formula of CIH,,C160JS, a formula weight of 460.92 
g/mole and a specific density of 1.745 at 20°C. Endosulfan has a vapor pressure of lo’” 
mmHg at 25OC, but water solubility (S,), and Henry’s Constant (KJ .vary with isomer. a- 
Endosulfan S, = 530 ppb at 25OC, KH = 1 .Ol x 1 a4 atm*m”/mol at 25”C, B-endosulfan S, 
= 280 ppb at 25OC, K, = 1.91 x 10.’ atm*m’/mol at 25°C. Both isomers are soluble in 
most organic solvents. 

The hydrolysis half-life (ttn) of endosulfan in water (25°C and pH7) is 218 hours for 
a-endosulfan and 187 hours for B-endosulfan. In plants the tin for conversion of 
a-endosulfan to B-endosulfan is approximately 60 days, and the ttn for the conversion of 
B-endosulfan to endosulfan sulfate is 800 days. Each isomer forms its respective Sulfate on 
exposure to light in surface waters. 



Oegradation of endosulfan in soil yields a mixture of endosulfandiol, endosulfanhydroxy 
ether, endosulfan lactone and endosulfan sulfate. Endosulfan sulfate is the major 
biodegradation product in soils under aerobic, anaerobic and flooded conditions. In flooded 
soils, endosulfandiol and endohydroxy ether were also reported. In sandy loam soil, 
microorganisms are responsible for degrading endosulfan to endosulfandiol, and further to 
endosulfan a-hydroxy ether and trace amounts of endosulfan ether. Both products are 
subsequently converted to endosulfan lactone. This soil transformation pathway is followed 
by both isomeric forms. 

The acute oral LO,,of endosulfan for rats in 70 mg/kg (aqueous), and 110 mg/kg in oil. 
Acute LCs, (1 -hour) for rats > 21 mg/L air. Acute dermal LDsO is 500 mg/kg for rats and 
369 mg/kg for rabbits. The LCH, (96 hour) irrespective of isomer are 0.3 pug/L for rainbow 
trout, and 3.0 pg/L for white sucker. Endosulfan has entered the risk assessment process at 
OPR under the SB 950 (Birth Defect Prevention Act of 1984) based on its potential 
reproductive and neurotoxicity adverse health effects. 

As of March 8, 1995, there were 19 active registrations for products containing endosulfan. 
Eighteen are agricultural products and one is a home-garden product. Formulations of 
endosulfan include granulars, emulsifiable concentrates and wettable powders. Technical 
endosulfan is formulated as a dust. The Signal Words on agricultural endosulfan-containing 
products are “Danger: or ‘Danger/Poison”, and ‘Warning” on the home garden (9.15% Active 
Ingredient) product. 

Ill. m 

Samples will be collected by passing a measured volume of ambient air through XAD-2 
resin. The exposed XAO-2 resin tubes (SKC #226-30-06) are stored in an ice chest or 
refrigerator until desorbed with 3 ml of isooctane. The flow rate will be accurately 
measured and the sampling system operated continuously with the exact operating interval 
noted. The resin tubes will be protected from direct sunlight and supported about 1.5 
meters above the ground during the sampling period. At the end of each sampling period . 
the tubes will be capped and placed in culture tubes with an identification label affixed. 
Any endosulfan present in the sampled ambient air will be captured by the XAO-2 
adsorbent. Subsequent to sampling, the sample tubes will be transported on ice, as soon as 

. reasonably possible to the ARB Monitoring and Laboratory Division, Testing Section 
laboratory for analysis. The samples will be stored in the refrigerator or analyzed 
immediately. 

A sketch of the sampling apparatus is shown in Attachment B. Calibrated rotameters will 
be used to set and measure sample flow rates. Samplers will be leak checked prior to and 
after each sampling period with the sampling cartridges installed. Any change in the flow ’ 
rates will be recorded in the field log book, The field log book will also be used to record 
start and stop times, sample identifications and any other significant data 

The use patterns for endosulfan suggest that ambient monitoring should take place in 
Fresno County during a 30- to 45-day sampling period in the months of July and August. 
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Three to five sampling sites should be selected in relatively high-population areas or in areas 
frequented by people. Sampling sites should be in cotton or grape growing areas but not 
immediately adjacent to fields being treated. Background samples should be collected in an 
area distant to endosulfan applications. Replicate (collocated) samples are needed for five 
dates at each sampling location. The date chosen for replicate samples should be 
distributed over the entire sampling period. They may, but need not be the same dates at 
every site. 

Four sampling sites plus an urban background site were selected by ARB personnel from the 
areas of Fresno County where cotton farming is predominant. Sites were selected for their 
proximity to the fields with considerations for both accessibility and security of the sampling 
equipment. The five sites were at the following locations: Cantua Creek School, Cantua 
Creek; Westside Elementary School, Five Points; San Joaquin Elementary School, San 
Joaquin; Tranquility High School, Tranquility; ARB Ambient Air Monitoring Station, Fresno 
(background). Addresses for the sites are listed in Table 1. 

Cantua Creek School Ron Garcia, District Superintendent 
19288 W. Clarkson Ave. Cantua Crk., 93608 (209) 829-3331 

Westside Elementary School Baldomero Hernandez, Principal 
19191 Excelsior Ave., Five Points, CA 93624 (209) 884-2492 

San Joaquin Elementary School 
8535 S. 9th, San Joaquin, CA 93660 

Carlos Navarrette, Principal 
(209) 693-432 1 

Tranquility High School 
6052 Juanche, Tranquility, CA 93668 
Mailing address: P.O. Box 457 

John Crider, Principal 
(209) 698-7205 

Air Resources Board, Ambient Air Monitoring Station 
3425 N First, Suit 2058, Fresno, CA 93726-6819 
(Background Site) 

Steve Rider 
(916) 327-4919 

Peter Ouchida 

The samples will be collected by ARB personnel over a five week period from July 29 - 
August 30, 1996. 24-hour samples will be taken Monday through Friday (4 samples/week) 
at a flow rate of approximately 2 liters per minute. 

IV. &.&& 

The method development results and Standard Operating Procedure (SOP) for analysis of 
endosulfan are included in this protocol as Attachment A. 
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v. Qualitv 

Field Quality Control for the ambient monitoring will include: 1) Five field spikes (same 
environmental and experimental conditions as those occurring at the time of ambient 
sampling) will be prepared by the Quality Management and Operations Support Branch 
(QMSOB) and spiked at five different levels. The field spikes will be obtained by sampling 
ambient air at the background monitoring site for 24 hour periods at 2 L/minute. 2) Five trip 
spikes will be prepared by the QMOSB and spiked at five different levels. 3) Replicate 
samples will be taken for five dates at each sampling location. 4) Trip blanks will be 
obtained at each of the five sampling locations. Procedures will follow ARB’s “Quality 
Assurance Plan for Pesticide Monitoring” (Attachment C). 

The instrument dependent parameters (reproducibility, linearity and minimum detection limit) 
will be checked prior to analysis. A chain of custody sheet will accompany all samples. 
Rotameters will be calibrated prior to and after sampling in the field. 

VI. Personnel 

ARB personnel will consist of Kevin Mongar (Project Engineer) and an Instrument 
Technician. 



. . . 

Attachment A 
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State of California 
Air Resources Board 

Monitoring and Laboratory Oivision/ELB 

Standard Operating Procedure for the Analysis of 
Endosulfan in Ambient Air 

1. SCOPE 

This is a gas chromatography/electron capture method for the determination of 
endosulfan from ambient air samples. The method was adapted from J&W Scientific GC 
Chromatograms, Chlorinated pesticides, 1994-95 Catelogue, ~120. 

2. SUMMARY 

The exposed XAO-2 resin tubes (SKC #226-30-06) are stored in an ice chest or 
refrigerator until desorbed with 3 ml of isooctane. The injection volume is 2 ul. A gas 
chromatograph with a De-608 capillary column and an electron capture detector is used for 
analysis. 

3. INTERFERENCES/LIMITATlONS 

Method interferences may be caused by contaminants in solvents, reagents, 
glassware and other processing apparatus that can lead to discrete artifacts or elevated 
baselines. A method blank must be done with each batch of samples to detect any possible 
method interferences. 

It has been noted that when high concentrations of endosulfan are injected, often a 
significant amount remains in the needle and results in carry over to the next injection. -For 
this reason all injections should be done at least in duplicate. If significant carry over is 
observed, the run should be repeated. 

A. INSTRUMENTATION: 

Varian 3400 gas chrdmatograph 
Varian 604 Data System 
Varian 8200 Autosampler 

Detector: 35OOC 
Injector: 250°C 
Column: J&W Scientific 08-608, 36 meter, 0.32 mm i.d., 0.5 urn film thickness. 

1 . 

0.8 I 
.” . . I 



Program: Initial 80°C, hold 1 min, to 265°C @ SO”C/min., hold 26 min. Retention 
times: Endosulfan I = 13.8 min., Endosulfan II = 17.8 kin., Endosulfan sulfate = 
20.8 min. End of run = 29.7 min. 

Splitter open @ 0.8 min., flow 50 mL/min. 

Flows: 
column: He, 1.7 mL/min, 8 psi 
Make up = 30 mL/min. N, 

6. AUXILIARY APPARATUS: 

1. Glass amber vials, 8 mL capacity. 
2. Vial Shaker, SKC, or equiv. 
3. Autosampler vials with septum caps. 

C. REAGENTS 

1. Isooctane, Pesticide Grade, or better 
2. Endosulfan I and II (alpha and beta isomers), Endosulfan sulfate 98% pure or 

better (Chem Service). 

5. ANALYSlS 

1. It is necessary to analyze a solvent blank with each batch of samples. The blank 
must be free of interferences. A solvent blank must be analyzed after any sample 
which results in possible carry-over contamination. 

2. If a standard curve is not generated each day of analysis, at least one calibration 
sample must be analyzed for each batch of ten samples. The response of the 
standard must be within 10% of previous calibration analyses. 

3. Carefully score the primary section end of the sampled XAD-2 tube above the 
retainer spring and break at the score. Remove the glass wool plug from the primary 
end of the XAD-2 tube with forceps and place it into an 8 mL amber colored sample 
vial. Pour the XAD-2 into the vial and add 3.0 mL isooctane. Retain the secondary 
section of the XAD-2 tube for later analysis to check the possibility of breakthrough. 

4. Place the sample vial on a desorption shaker for 25 minutes. Remove the 
isooctane extract and store in a second vial at 4°C until analysis. 

5. After calibration of the GC system, inject 2.0 ul of the extract. If the resultant 
peaks for endosulfan have a measured area greater than that of the highest standard 
injected, dilute the sample and re-inject. 

6. Calculate the concentration in ng/mL based on the data system calibration 
response factors. If the sample has been diluted, multiply the calculated 
concentration by the dilution factor. 
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7. The atmospheric concentration is calculated according to: 

Cont., ngim’ = (Extract Cont., ng/mL X 3 mL) / Air Volume Sampled, m3 

A. INSTRUMENT REPRODUCIBILITY 

Six replicate injections of 2 UL each were made of a standard containing all three of 
the endosulfans in order to establish the reproducibility of this instrument. This data 
is shown in TABLE 1. 

TABLE 1. INSTRUMENT REPRODUCtBlLlTY 

AMOUNT 
INJECTED 
(ng/mL) Endosulfan I Endosulfan II Endosulf an sulfate 

1.0 17,953L 45O(k3%) 11,062 kl494 kl3%) 15,235~ 1,286 &8%) 

5.0 50,537A739(+2%1 37,134&779 I&2%1 38,742 &2,429 t&6%, 

25.0 363,214&14,464(~4%) 329,052&17,357k6%, 300,835&21,662k7%) 

50.0 714,243&4,3301&l%) 616,688L9,200 l&2%) 614,554&14,658 &2%1 

B. LINEARITY 

A four point calibration curve was made ranging from 1 .O ng/mL to 50.0 ng/mL 
(from TABLE 1). The coresponding equations and correlation coefficients are: 

Endosulf an I Y = 6.8599 ~10” X + 0.2543 Corr. = ,998 

Endosulf an II Y = 7.9079 x 10sX + 0.8138 Corr. = ,999 

Endosulfan sulfate y = 8.0121 X lo”X + 0.8334 Corr. = .999 

C. MINIMUM DETECTION LIMIT 

Using the equations above and the data below, the minimum detection limit for 
Endosulfan was calculated, by: 

MDL = Ii 1 + 3(s.d.& 

where: Ii j = the absolute value of the intercept of the standard curve (from above). 

ad., = the standard deviation of the lowest concentration used for the standard 
curve. 



For Endosulfan I: lowest concentration used = 1 .O 2 0.29 ng/mL 

MDL = IO.2543 1 + 3(0.29) = 1 .12 ng/mL 

For Endosulfan II: lowest concentration used = 1 .O & 0.93 ng/mL 

MDL = IO.81381 + 3lO.93) = 3.6 ng/mL 

For Endosulfan sulfate: lowest concentration used = 1 .O L 0.94 ng/mL 

MDL = IO.83341 + 3tO.94) = 3.7 ng/mL 

Based on the 3 mL extraction volume and assuming a sample volume of 2.7 m3 
(1.9 Ipm for 24 hours): 

Endosulfan I: 1.17 n&u = 1.2 rig/m’’ per 24.hour sample 
2.7 m3 

Endosulf an II: 
-=-TTY- 

= 4.0 ng/m3 per 24hour sample 
. 

Endosulfan sulfate: 4.1 rig/m’’ per 24-hour sample 3.7 n&&Q&J- = 
2.7 m3 

0. COLLECTION AND EXTRACTION EFFICIENCY (RECOVERY) 

Collection and extraction efficiency data for Endosulfan on XAD-2 is presented in 
TABLE 2. 

*; 
TABLE 2. COLLECTION AND EXTRACTION EFFICIENCY FOR ENDOSULFAN ON XAD-2 

ENDOSULFAN I ENDOSULFAN II ENDOSULFAN SULFATE * 

Amount Amount Amount Amount Amount Amount 
Spiked Recovered Spiked Recovered Spiked Recovered 
hl) ha) I%) (ngl (ng) I%) (ng) (ng) I%) 

60.0 so.4 lOl*l 50.0 40.5 81&3 60.0 34.4 So*4 

150 134.3 9Otl 150 106.4 71*1 150 9105 a*2 

4 ’ 



The standards were spiked on the primary section of an XAD-2 tube. The tube was 
then subjected to an air flow of approximately 2 Ipm for 24 hours. The tubes were 
run at an ambient temperature of approximately 85°F. The primary sections were 
then desorbed with 3.0 mL of isooctane and analyzed by capillary column GC/ECD. 

E. STORAGE STABILITY 

Storage stability studies were done in triplicate for 1 .O ng endosulfan spikes on XAD- 
2 tube primary sections over a period of 20 days. The percent recovery data for 
storage stability is presented in TABLE 3. 

TABLE 3. ENDOSULFAN STORAGE STABILITY AT 4OC 

. 

50 ng each spiked 

Endosulfan I 

Endosulfan II 

Endosulfan Sulfate 

PERCENT RECOVERY 

0 DAY 2 DAYS 7 DAYS 20 DAYS 

95*2 102*1 105*2 103il 

84*5 819~1 07*3 89*3% 

79k6 72&l 8Oi4 86*7% . 

F. BREAKTHROUGH 

Triplicate tubes were spiked at 50, 100 and 500 ng/tube (Endosulfan I, Endosulfan II 
and Endosulfan sulfate) then run for 24 hours at approximately 2 Ipm, prior to 
analysis. No endosulfan was detected in the secondary of any of the tubes. 

. 
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[. [.2:io)ritlr.t.ion 

F: th? quest of the Oegtartmeni.Of Pesiicide Regulation (OPR), the Air 
Rzsc~;tcss aoatP.(ARS) documents the 
~*s;icid?s. 

level Or airborne emiSsiOns" of specified 
Tn~s IS usually accomplished through two types of monitoring 

first consists of one month of amblent monitoring in the area of, and during The 
th? s2azon of, 
near a 

peak use of the specified pesticide. The second is monitoring 
field during and after (up to 72 hours) an application has occurred. 

Tires5 areSreFerred to as ambient and application monitoring, respectively. To 
help cla:lfy the differences between these two monitoring programs, ambient and 
application are hi 
applies specifical ? 

hlighted in bold in this document when the information 
y to either program. The purpose of this document is to 

specify qua1 ity assurance activities for the sampling and laboratory analysis 
of the monitored pesticide. 

A. Q:a?i ty Assurance Policy Statement 

i- is the policy of the AR9 to provide OPR with as reliable and accurate 
Cz:a ;i possible. The goal of this document is to identify protedures that 
ehs':re the implementation of this policy. 

8. Quality Assurance Objectives 

duality assurance objectives for pesticide monitoring are: (1) to 
es'.aSish the necessary quality control activities relating to site selection, 
sac!ple collection, sampling protocol, sample analysis, data reduction and 
*Jalida:ion, and final reports; and (2) to assess data quality in terms of .,. 
Precision, accuracy and completeness. 

II. Sitinq 

Probe siting criteria for ambient pesticide monitoring are listed in TABLE 
1. Hornally few sites will be chosen. The monitoring objective for these 
sites is to measure population exposure near the perimeter of towns or in the 
area of the-town where the highest concentrations are expected based on 
prevailing winds and proximity to applications. One of these sites is UsuallY 
designated to be an urban area "background" site and is located away from-any 
expected applications; however, because application sites are not known Prior 
to the start of monitoring, a "zero level" background may not occur.. 
Oetectable levels of some pesticides may also be found at an urban area. 
background rite if they are marketed for residential as well as comerclal use* 

Probe siting criteria for placement of samplers near a pesticide 
application for collection of samples are the sime~ as aabient monitoring (TABLE 
1). In addition the placement of the appltcation samplers should be to.ubbin 
upwind and downwind concentrations of the pesticide. Since winds are variable 
and do not always conform to expected patterns, the goal is to surround the 



I!!. Sanolinq 

Al t sampling will be coordinated through the County Agricultural 
Cczaisriocer's Office and the local Air Quality Management Oistrict (AQMD) or 
Air Pollution Control District (IWO). Monitoring sites will be arranged 
through the cooperation of applicators, growers or owners for application 

ambient sites, AR8 staff will work throuah tzonit&ing. For selection of 
authorized representatives of private companies or government agenciC 

A. Background Sampling 

A background sample will 
1: shou?d be a minimum of"one 

be taken at all sites prior to an appticatien. 
hour and longer if scheduling permits. This * 

sa=ole *dill establish if any of the pesticide being monitored is present prior . 
l D th? application. It also can indicate if other environmental factors are 
in:?tfzring with the detection of the pesticide of concern during analysis, 

ghile one of the sampling sites for ambient monitoring is referred to as 
an "urban area background,' it is not a background sample in the conventional 
s?nse because the intent is not to find a non-detectable level or a 
'background' level prior to a particular event (or application). This site is 
chossn to represent a low probability of finding the pesticide and a high 
probability of public exposure if significant levels of the pesticide are 
detectad at this urban background site. 

8. Schedule 

Samples for ambient pesticide monitorin will be collected over 24-hour 
periods on a schedule, in eneral, of 4 samp es per week for 4 weeks. field 9 
application monitoring nil! follow the schedule guidelines outlined in TABLE 2. 

C. Blanks and Spikes 

Field blanks should be included with each batch of samples submitted-for 
analysis. This will usually require one blank for an application monito:lng 
and one blank per week for an ambient monitoring program, Whenever,Pos!lbles 
trip spikes should be provided for both ambient and appllcatlon monltorlng. 
The spiked samples should be stored in the same manner as the samples and 
returnee! to the laboratory for analysis. 

0. Heteorological Station 

Data on wind speed and direction will be collected during aPPlfcatfon 
monftoring by use of an on-site meteorological station. If appropriate 

. 

. 
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For both ambient and application monitoring, precision will be 
demonstrated by collecting s$nples from a collocated sampling site. An 
additional amblent samplerSwlll.be collocated with one of the samplers and will 
be rotated among the sampling sites SO that duplicate samples are collected at 
at least three different sites. The samplers should be located between two and 
four meters apart-if they are high,volume samplers in order to preclude airflow 
interference. 
flow sanplers. 

This cons!deratlon IS not necessary for low (~20 litersimin.) 
The duplicate sampler for application monitoring should be 

downrtind at the sampling site where the highest concentrations are expected.' 
When feasible, duplicate application samples should be collected at every site. 

F. Calibration 

Field flow calibratirs (rotometers, flow meters or critical orifices) 
shall be calibrated against a referenced standard prior to a monitoring period. 

. This referenced standard should be verified, certified or calibrated with 
respect to a primary standard at least once a year with the method clearly 
documented. Sampling flow rates should be checked in the field and noted 
before and after each sampling period. Before flow rates are checked, the 
sampling system should be leak checked. 

G. Flow Audit 

A flow audit of the field air samplers should be conducted by an 
independent agency prior to monitoring. If results of this audit indicate 
actual flow rates differ from the calibrated values'by more than lO%, the field 
calibrators should be rechecked until they meet this objective. 

. . . C”, “.,ww.* 

Field data-sheets nil1 be used to record sampling date and location, 
initials of individuals conducting samplin 

$ 
, sample number or identification 

initial and final time, initial and final low rate, malfunctions, leak checks, 
weather cond.itions (e.g., rain) and any other pertinent data which could 
influence sample results. 

I. Preventative Maintenance 

To prevent loss of data, s are pumps and other sampling materials should 
be kept available in the field 1 y the operator. A per1 ->>- -c--L nc c%mnlinn 
P~P!# ~teardogicd instrumds, extension cords, etc., snaulo UC wQ”~ “J 
ralapling personn8. -. 
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The following probe siting criteria apply to pesticide 
moqitorin 
criteria 9 

and are suaunarired from the U.S. EPA ambient monitoring 
40 CFR 58) which are used by the ARB. 

Minimum Distance From 
Height 
Above 

Suppor;i;grStructure 
e a tl 

Ground 
l!!ud Vlr;tlcrtHortzantrt 

Other Spacing 
Criteriq 

2-15 1 .' 1 1. Should be 20 meters 
from trees. 

. 

. 
2. Oistance from sampler 

to obstacle, such as 
buildings, must be at 
least twice the herght 
the obstacle protrudes 
above the sampler. 

3. Must have uqestricted 
air-flow 270 around 
sampler. 

4. Samplers at a collocat'ed 
site (duplicate for 
quality assurance) 

. should be 2-4 meters 
apart if samplers are . 
high flow, ~20 liters 
per minute. .. 

. 

. 

. . 
. . 

-4, . 

1 
l * . 

. 
. : 
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All samplers should be sited approximately 20 yards from the 
edge of the field; four samplers to surround the field whenever 
possible. 
sampler. 

At least one site should have a collocated (duplicate) 

The approximate samplin 
below; however, these are on y 4 

schedule for each station is listed 
approximate guidelines since starting 

trrae and length of application will dictate variances. 

- 

m . 

- - 

w 

8ack round sample (minimum l-hour 
tamp e: within 24 hours prior to application). 9 . 

Application + 1 hour after 
appl.ication combfned sample: 

Z-hour sample from 1 to 3 hours 
$fter the application. 

4-hour sample from 3 to 7.hours 
after the application. 

. 

8-hour sample from 7 to 15 
hours after the application. 

O-hour sample from 15 to 24 
hours after the application. 

. 

1st 24,hour sample startin 
the.end of the g-hour samp r 

at 
e. 

2nd 240hour sample starting 24 hours 
after the end of the g-hour maple. 

, 

-5 
. 

. 
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. 

; ,fl : ,$:r EQ conducting XI;I pesticide! mcnitatis3, a oro:ac:ol 
documan: a; a guideline, wili be written by the ~28 staff. , using this 
dcsctibas the overall monitoring program, The pro t0~0l 

includes the Following topics: 
the purpose of the monitoring and 

1. Identification of the sample site locations, if possible. 

2. Oescription OF the sampling train and a schematic showing the 
component parts and the!r relationship to one another in the 
assembled train, including specifics OF the sampling media (e.g 
resin type and volume, falter composition, pore size and diamet;;, 
catalog number, etc.). 

3. Specification of sampling periods and flow rates. 

4. Oescription of the analytical method. 

S. Tentative test schedule and expected test personnel. 

Specific sampling methods and activities will also be described in the 
monitoring plan (protocol) for review by AR6 and OPR. Criteria which apply 
to all sampling include: 
accompanying all samples, 

(I) chain of custody fornis (APPENDIX I), 
(2) light and rain shields protecting samples 

during monitoring, and (3) storing samples in an ice chest (with dry Ice if 
required for sample stability) or freezer, until delivery to the laboratory. 
The protocol should include: equipment specifications (when necessary), 
special sample handling and an outline of sampling procedures. The protocol 
should specify any procedures unique to a specific pesticide. 

V. Analysis 

Analysis of all field samples must be conducted by a fully competent 
laboratory. To-ensure the capability of the laboratory, an analytfcal audit 
and systems audit should be performed by the AR8 Quality Management and 
Operations Support Branch (QHoS8) prior to the first analysis. After a 
history of competence is demonstrated, an audit prior to each analysis is 

not necessary. However, during each analysis spiked samples should be 
provided to the laboratory to demonstrate accuracy. 

A. Standard Operating Procedures 

Analysis methods should be documented in a Standard Operating Procedure 
6O.P.) before monitoring begins. The S.O.P. includes: instrument and 
operating paraaeters, swle preparation, calibration 

ii 
rocedures and quality 

assurance procedures. The limit of quantitatlon must e deflned if 
different than the Timft of detection. The method of calculating these ' 
values should also be clearly explafned tn the S.O.P. 
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CL?:aiisd information should be given for sample preparation 
including equipment and solvents required. 

3. Ca!ibration Procedures 

The S.O.P. plan will specify calibration procedures including 
intervals for recalibration, calibration standards, environmental 
conditions for caljbratrons and a calibration record keeping system. 
Uhen possible, National fnstltute of Standards and Technology 
traceable standards should be used for calibration of the analytical 
instruments in accordance with standard analytical procedures which 
include multiple calibration points that bracket the expected 
concentrations. 

4. Quality Control ~ 

'Iilidation tssting should provide an assessment of accuracy, 
prxision, interferences, method recovery, analysis of pertinent 
breakdown products and limits of detection (and quantitation if 

-. 

different from the limit of detection). Method documentation should 
include confirmation testing with .another method when possible, and 
quality control activities necessary to routinely monitor data 
quality control such as use of control samples, control charts, use 
of surrogates to verify individual sample recovery, field blanks, 
lab blanks and duplicate analysis. All data should be properly 
recorded in a laboratory notebook. 

The method should include the frequency of analysis for quality 
control samples. Analysis of quality control samples are 
recoemnended before each day of laboratory analysis and after every 
tenth sample. Control samples should be found to be within control 
limits previously established by the lab performing the analysis. 
If results are outside the control limits, the method should be 
reviewed, the instrument recalfbrated and the control sample 
reanalyzed. 

All quality control studies should be completed prior to sampling 
and include recovery data from at least three samples spiked at - 

4east two concentrations. Instrument variability should be assessed 
with three replicate injections of a single sample at each.of the 
spiked concentrations. A stability study should be done with 
triplicate spiked samples being stored under actual conditions and 
analyzed at appropriate time intervals. This study should be 
conducted for a mini- period of tbne equal to the anticipated 
storage period. Prior to each samplfng study, a 
conversion/coltec.tion -efficiency study should be conducted under 
field conditions (drawing ambient air through spiked sa le radia at 
actual flow rates for the recommended sampling time) wit three *f: 



'I : . r'rna: Reoorts and Oata Reduction 

The class of pesticide found in each sample should be used along with 
tha volume of air sampled (from the field data sheet) to calculate the mass 
per volume for each sample. 
s!ould be reported in a table as ug/m (microgram per cubic meter) 

For eachpamplinq date and site, concentl;;;;ons 

tae pestlc!de exists in the vapor phase under ambient conditions, the 
conczntratron should also be reported as ppbv (parts per billion, by volume). 
or the appropriate volume-to-volume units. Collocated samples should be 
reported separately as raw data, but then averaged and treated as a single 
sample for any data sumaaries. For samples where the end flow rate is 
different from that set at the start of the sampling period, the average of 
these two flow rates should be used to determine the total sample volume; 
however, the minimum and maximum concentrations possible for that sample . 
should also be presented. 

dztes 
The final report should indicate the dates of sampling as well as the 

at analyses. These data can be compared with the stability studies to 
da:?rxize if degradation of the samples has occurred. 

Final reports of'all monitoring are sent to the Department of Pesticide . 
Regulation, the Agricultural Corrmissioner's Office, the local AQMD as well 
as the applicator and/or the grower. Final reports are available to the 
public by contacting the AR6 Engineering Evaluation Branch. ' 

A. Ambient Reports 

The final report for ambient monitoring should include a map of the 
monitored area which shows nearby towns or communities and their 
relationship to the monitoring stations, along with a list of the monitoring 
locations (e.g.,. name and address of the business or public building). A 
site description should be completed for any monitoring site which might 
have characteristics-that could affect the monitoring results (e.g., . 
obstructions). To? ambient monitoring reports, information on terrain, 
obstructions and other physical properties which do not conform to the 
siting criteria or may influence the data should be described. 

Ambient data should be summarized for each monitoring location by 
maximum and second maximum concentration, average (using only those values ' 
greater than the minimum quantitation limit), total number of samples and 
number of samples above the minimum quantitation limit. for this Purposes 
Collocated samples are averaged and treated as a single sample. 

8. Application Reports 

towns 
Similarly a map or sketch indicating the general location (nearby . 

highway; etc ) of the field chosen for application monitoring should . 
be i&luded as iell & a detailed drawtng of the field itself and the 
relative positions OF the monitors. For application monitoring reports, as 

0 * 25 . 



much data a: possible should be Collected about the application conditions 
(e.g., formulation, application rate, acreage applied, length of application 
and method of application). This may be provided either through a Copy of 
the Notice of Went, the Pesticide Control Advisor's (PCA) recommendation 
or completion of the Application Site Checklist (APPENDIX Ii). Wind Speed 
and direction data should be reported for the application site during the 
monitoring period. Any additional meteorological data collected should also 
be reported. 

C. Quality Assurance 

All quality control and quality assurance samples (blanks, spikes, 
etc. 

1 
analyzed by the laboratory must be reported. Results of all method 

deve opamt and/or valldotIon studies (W not contained in the S.O.P.) will 
also be reported. The results of any quality assurance actiwities conducted 
by an agency other than the anal tical laboratory should be included in the 
report as an appmdix. TMs inc udes analytical audits, system audits and T 
flou rate audits. . 

. 

, 

. 

. 

, 
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Worker Health and Safety 
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. 

27 



Submitted by: 

Sheila Margetich 

. Worker Health and Sakty Laboratory 

Air Sample Analysis Report 

for 

Endosulh Application 



Table of Contents 

--- 

1. Summary of AREKAC Contract 
Tablc#l-ARBAirSampleLog 

1 
1 

II. Analytical Results Record 
Table #2 

2-3 

III. Summaxy of WHS Analytical Report 
Table #3 - instmment Linearity and Reproducibility 
Table I#4 - Standard Curve “r”-Values During Study 
Table #5 - QA Spikes % Recovery 
Table+&-WHSOn-GoingQCSpikcs%Recovery 
Table #7 - WHS On-Going QC Blank Results 

4-9 
6 
7 
8 
9 
9 

IV. Attachments 
A. ARB Original Chain of Custody Forms 
B. MethodSOP 
C. Cbromato~ of Standard at MDL Comemation 
D. Graph of Star&d Cum “r”-Value 
E. Chromatogmu of Standard Cum Coa~ons 
F. WHS-AD-11 SOP Titled “Data Gene&on and Rqorting” 
G. Resin Lab, Fieid and Trip Spike Chromato~ 
HChmma!ogram~fOn-GoingResinQcSpike 
I. chromatogramofCh~-GoiiRcsinQCBlank~ts 
J. Chromatogram of Resin Air Sample 

. 



I. Summary of ARBKAC Contract 

The Worker Health and Safety Laboratory (WI-IS) of the Center for Analytical Chemistry (CAC) 
was contracted by the Air Resources Board to perform the analysis of air samples. In partial 
agreement of that contract, we analyzed one set of Endosulfan application samples plus 
accompanying QA. 

The following Table 1 summarizes the 51 Endosulfan samples submitted by ARB and their 
analytical completion dates. Please see Attachment Al > A3 for the chain of custody forms that 
accompanied these samples. The analytical results are presented in Table 2. Analyses were 
performed for Endosulfan I, II and for Endosulfan Sulfate for each sample. 

TABLE 1. ARB AIR SAMPLE LOG WITH ANALYTICAL COMPLETION DATES 

Date Received ARB Logbook Numbers Total # of air samples Alld$kXl 
(Inclusive) Completion Date 

4-7-97 Endosulfan Application l-8 8 4-21-97 
4-7-97 Endosulfan Application QA-TS spikes 4 4-21-97 
4-l l-97 Endosulfan Application 13-5 1 39 5-l-97 

-- 

(0 



AR0 AR0 Endosulfsn I ’ Endoaulfan II l * 
Cndorulfan Application 

Endosulfan Sulfata l ** 
Fiakl Sample Numbsr 

WI-IS 

Logbook Number 
Lab Number 

ughlmple uglrample ughsmple 

1 ENDEB ND NO ND WHSC-83 

3 ENDNB ND ND NO WHSC-84 

5 ENDWB ND ND ND WHSC-85 

7 ENDSB ND ND ND WHSC-86 

13 ENDB-2 ND NO NO WHSC-87 

14 SB-2 ND ND ND WHSC-88 

15 WB-2 ND ND ND WHSC-89 

16 NB-2 NO NO ND WHSC-90 

17 ENDW-1 0.12 0.02 ND WHSC-91 

16 S-l 0.15 0.03 ND WHSC-92 

19 S-l D 0.21 0.04 ND WHSC-93 

20 E-l 0.22 0.03 ND WHSC-94 

21 N-l 0.21 0.03 NO WHSC-95 

22 ENDW-2 0.01 ND ND WHSC-96 

23 s-2 0.10 ND ND WHSC-97 

24 S-2D 0.12 ND ND WHSC-98 

25 E-2 0.39 0.02 ND WHSC-99 
-- 

26 N-2 0.10 ND ND WHSC-100 

27 ENDW-3 0.01 ND ND WHSC-101 

28 s-3 0.55 0.02 ND WHSC-102 

29 S-30 0.63. (I 0.03 ND WHSC-103 

30 E-3 1.87 0.10 0.01 WHSC-104 

31 N-3 0.35 0.02 ND WHSC-105 

32 ENDW4 0.01 NO ND WHSC-106 
c 

* Endosulfan I Minimum Detection Limit: 0.003 ughample, 
II Endosulfan II Minimum Detection Limit: 0.006 uglsample 
IO* Endosulfan Sulfate Minimum Detection Limit: 0.006 ughample 

wuIIIwD*r 
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tr 
TABLE 2. 

* ANALYTICAL RESULT RECORD 
9 

AR0 
Endorulfon Application 

Logbook Number 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

AR0 Endo8ulfen I * Endosulfan II l * Endosulfan Sulfate **a 
Field Sample Number 

WHS 
Lab Number 

uglsamplo ugkampla ughample 

s-4 ’ 0.10 0.01 ND WHSC-107 

S-4D * 0.14 0.01 NO WHSC-108 

E-4 l 1.17 0.07 0.01 WHSC-109 

N-4 * 0.42 0.03 ND WHSC-110 

ENDW-5 ND ND ND WHSC-111 

S-5 0.07 ND NO WHSC-112 

S-50 0.08 ND ND WHSC-113 

E-5 0.41 0.02 ND WHSC-114 

N-5 0.10 0.01 ND WHSC-115 

ENDW-8 0.05 ND ND WHSC-116 

S-6 0.97 0.06 ND WHSC-117 

S-60 1.38 0.14 0.01 WHSC-118 

E-6 1.41 0.10 0.01 WHSC-119 

N-6 0.23 0.02 ND WHSC-120 

ENDW-7 0.01 ND ND WHSC-121 

s-7 0.83 0.10 0.01 WHSC-122 

W-D- 0.88 0.12 0.01 WHSC123 

E-7 1 .os 0.11 0.01 WHSC-124 

N-7 0.16 ND ND WHSC-125 

* These samples were labeled a8 ‘5s’ instead of ‘4s’, but we were able to separate the duplicate set of samples by their log IDS. 

8 Endosulfan 1 Minimum Dfmction &it: 0.003 ughmple 
l * Er~Iosuifan II Minimum Detection Limit: 0.006 ughample 
a** EndoruHn sulfate Minimum Detection Limit: 0.006 ughsmple 32 
lntmmolr 
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tI1. Summary of WHS Analytical Report 

1. SCOPE; 

This report covers the WHS analysis of samples labeled Endosulfan Application Log #l-51 
(WHSC-83 through 125), and associated QA samples. 

. 2. SUMMARY OF MFTHOD, 

The analytical method titled “Standard Operating Procedure for the Analysis of Endosulfan in 
Ambient Air” as supplied by the State of California Air Resources Board was followed except for 
1) the GC model, 2) the column, and 3) the column parameters. Please see Attachment B for the 
method SOP. 

WHS Instrumentation 

Hewlett Packard 5880A gas chromatograph and 7672 Autosampler 

Column: J & W Scientific DB-17, 30 meter, 0.25 mm i.d., 0.5 urn film thickness 
Program: Initial 80 C, hold 1 min., to 260 C at 30 C/min., hold 20 min. Retention 
times: 

Retention Tim,es: Endosulfan I 14.87 min. 
Endosulfan II 19.18 min. 
Endosulfkn Sulfate 22.33 min. 

-- 
Flows: 
Column: He 20 psi 
ECD make-up: 60 mUmin Ar/5% Methane 

, 
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. 3. MALYTKAL CALCULATIONS. 

A. Theoretical calculation of MDL: The MDL was the quantity of each Endosulfan that gave a 
5: 1 S/N ratio. This corresponded to 0.002 ug Endosulfan I, and 0.004 ug Endosulfan II ad 
Sulfate. Using a 2 UL injection volume, and 3 mL sample volume, this calculates to 0.003 
ugkample and 0.006 ugkample, respectively. 

B. Analytical verification of MDL: Please see Attachment C for chromatogram of a standard at 
the MDL concentration. 

C. Sample result calculations: The 5880A data handling system, with a BASIC program to 
summarize and format the results, was used to compile the data. The multi-level calibration 
algorithm built into the system uses point-to-point lines to generate the calibration curve. The 
BASIC program also supplies the correct final volume to the built-in algorithm. According to the 
5880 operating manual, the externalstandard calculation is as follows: 

Amount Y = (AREA)y * (RESPONSE)y * MULTIPLIER 

where (AREA)y is the area or height of peak y 
(RESPONSE)y is the response factor (amount injected /area or height) of y 
MULTIPLIER is a constant specified during calibration 

In our systems, the multiplier for standards is always 1 (equal to the ng injected), and for samples 
the total volume of extract is divided by the injection volume. 

EXAMPLE: 

78.76H.U.samdc x 0.05 UP stand. x 2.OuLstmd.inj. x l.OmL x IOmLsarn~.W x ~ooOuL=O.15 u&@ 
76.32H.U.stand. ml4 1000 ut 2.0 UL ump.inj. LOId 

Where: -- 
H.U. = Height Units of peak 
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4. (3UALITYASSURANCE; 

A. Instrument Linearity and Reproducibility: Replicate injections of 2 UL were made of 
standards containing all three of the Endosulfans in order to establish the reproducibility of the HP 
5880A GC/ECD system. TABLE 3 lists the peak heights of these standards and the % variance of 
the multiple injections. 

TABLE 3. INSTRUMENT LINEARITY AND REPRODUCIBILITY 

Amount Injected 

0.004 ug each 
Endosulfan I 
Endosulfan II 

Endosulfan Sulfate 

Peak Heights 

06+/-4% I 2.94-3.18 Avg 3.1- - _ __ 
1.85-1.96 Avg 1.91 +I- 3% 
1.40-l-68 Avg 1.54 +/- 8% 

0.010 ug each 
Endosulfan I 
Endosulfan II 

Endosulfan Sulfate 

6.30-6.90 Avg 6.60 +I- 4% 
3.86+20 Avg 3.22 +I- 4% 
3.05-3.39 AVP 3-22 +I- 5% 

0.100 ug each 
Endosulfan I 55.74-57.81 Avg 56.78 +I- 2% 
Endosulfan II 34.36-35.86 Avg 35.11 +I- 2% 

Endosul&t-Sulfate 27.88-29.18 Am 28.53 +/- 2% 

(6) 
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. 4. OUALITY ASSURANCE. (contJ 

B. Standard Curve Linearity and r-value: A four point calibration curve was made ranging from 
0.004 ug (Endosulfan I, II, and Sulfate) to 0.10 ug (Endosulfan I, II, and Sulfate). Please see 
Attachment D for a graph of the plotted r-value. Please see Attachment El > J3 for 
chromatograms of the four standards comprising the standard curve. 

The following table lists the r-values for the standard curves generated during the course of 
analyzing the Endosulfan samples. 

TABLE 4. STANDARD CURVE “r” VALUES DURING COURSE OF THE PROJECT 

Correlation Coefficients 

5-l-97 9998 9998 3999 
5-l-97 9996 9985 9997 
5-2-97 9997 3992 9987 

C. Analytical result acceptance criteria: Analytical acceptance criteria based on the linearity and 
reproducibility of standard curves are detailed in Attachment F, our SOP numbered WHS-AD-11 
and titled “Data Generation and Reporting”. 



4. OUALITY ASSURANCE: (cont.1 

D. Quality Assurance Spikes: WI-IS personnel prepared the Quality Assurance spikes for this 
study since the Center for Analytical Chemistry (CAC) Quality Assurance personnel (QA) were 
unavailable at the time. The resin beds of fourteen resin tubes (SKC Lot # 499) were spiked with 
10 UL of a 5 ng/uL (each) Endosulfan I and II spike solution to yield 50 ng (each) Endosulfan I 
and Endosulfan II QA spikes. (The total was 100 ngs of Endosulfan I and II.) The tubes were 
allowed to stand for one hour and then the broken ends of the primary sections were capped. 

Standards of Endosulfan I and II were secured from CAC Standards Repository and the Spike 
Solution Numbers were 2 15-3309a and 2 16-33 1 lb respectively. 

Two spikes were analyzed for spiking level verification. Four spikes were retained in the lab in 
Freezer # 27873 as Lab spikes. The remaining eight spikes were given to ARB staff members to 
use as Trip spikes and Field spikes. When they were returned to the lab, all 12 QA spikes were 
extracted and analyzed at the same time. The following table lists the % recovery. 

TABLE 5. QA SPIKES--% Recovery at 50 ng each component 

Please see Attachment G19 G3 for resin Lab, Trip and Field spike chromatograms. 
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5. OUALITY CONTROL; 

A. Collection efficiencies and storage stability: For collection efficiencies and storage stability 
data, please refer to the method SOP as supplied by ARB (Attachment B). 

B. Resin sample/extract integrity: Once received in the lab, all of the resin samples and spikes 
were stored in Freezer # 27873. The temperature of this freezer is recorded manually every work 
day. The average temperature of this freezer during the storage of samples and spikes was -16 O C. 
At no time did the temperature vary more than +/- 3 O C. In all cases, the resin samples and 
spikes were analyzed on the same day that they were extracted. 

C. On-going Quality Control spikes: The following table lists the WHS Laboratory on-going 
QC spike recoveries The resin tubes were spiked with 150 ng each Endosulfan I, II and Sulfate. 
Please see Attachment H for a resin spike chromatogram. 

TABLE 6. WHS LABORATORY ON-GOING QC Spikes--% Recovery at 150 ng each 

, 

Date Analyzed Lab ID Sample ID 96 Recovery 96 Recovery % Recovery 
Endosulfan I Endosulfan II Endosulfan Sulfate 

4-21-97 421-A Resin spike 86.67 68.67 53.33 
4-2 1-97 421-B Resin spike 89.33 70.67 58.10 
5-l-97 501-A Resin spike 89.33 66.00 51.30 
S-1-97 501-B Resin soike 88.33 68.00 51.33 

D. On-going Quality Control blanks: The following table lists the results of the resin blanks 
that were analyzed as part of the WHS Laboratory on-going QC for this Endosulfan study. Please 
see Attachment I for a chromatogram for a resin blank sample. 

TABLE 7. WHS LABORATORY ON-GOING QC RESIN BLANK RESULTS 

Date Analyzed Lab ID Sample ID Endosulfan I Endosulfan II Endosulfan Sulfate 
4-2 l-97 421-X- Blank N. D. N. D. N. D. 
5-l-97 501-c Blank N. D. N. D. N. D. 

6. DISCUSSION; 

Please see Attachment J for a chromatogram of an ARB Endosulfan resin sample. 
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CALIFORNIA AIR RESOURCES BOARD 
MONITORING & LABORATORY DIVISION 
P.O. 80x 28 15, Sacramento CA 95812 

ENDOSULFAN APPLICATION 
CHAIN OF CUSTODY ’ 

SAMPLE RECORD 

Job #: G97-004 

Date: 
Sample/G #: 

.‘/ If? / ” ? ? 

Job name: Ad . 
Log numbers: 

Transfer 

Transfer 

Transfer 

Transfer 

DESCRIPTION 
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ATTACHMENT A2 

CALIFORNIA AIR RESOURCES BOARD 
MONITORING & LABORATORY DIVISION 
P.O. Box 2815, Sacramento CA 95812 

ENDOSULFAN APPLICATION 
CHAIN OF CUSTODY 

SAMPLE RECORD 

Job #: C97-004 

Date: 4 I “1 97 
Sample/L #: 
Job name: 0 
Log numbers: 13 -rc ‘3 x 

ACTION INITIALS 

Transfer 

METHOD 
OF 
STORAGE 
freezer, ice 

LOG # 
I 

ID # 
I 

DESCRIPTION 

RETURN THIS FORM TO:-63 m 



I! ATT.-tCHhIENT A3 

CALIFORNIA AIR RESOURCES BOARD 
MONITORING & LABORATORY DIVISION 
P.O. Box 28 15, Sacramento CA 958 12 

ENDOSULFAN APPLICATION 
CHAIN OF CUSTODY 

SAMPLE RECORD 

Job #: jZ97-004 

Date: 
Sample/Run #: 

9 / 1) / q7 

Job name: gubo 
Log numbers: 19 -5 1 

METHOD 
OF 
STORAGE 
freezer, ice 
Or- 

DESCRIPTION 



ATTACHMENT B II 

State of California 
Air Resources Board 

Monitoring and Laboratory Division/EL8 

Standard Operating Procedure for the Analysis of 
Endosulfan in Ambient Air 

1. SCOPE 

This is a gas chromatography/electron capture method for the determination of 
endosulfan from ambient air samples. The method was ,adapted from J&W Scientific GC 
Chromatograms, Chlorinated pesticides, 1994-95 Catelogue, ~120. 

2. SUMMARY . + 
The exposed XAD-2 resin tubes (SKC #226-30-06) are stored in an ice chest or 

refrigerator until desorbed with 3 ml of isooctane. The injection volume is 2 ul. A gas 
chromatograph with a OR-608 capillary column and an electron capture detector is used for 
analysis. 

3. jNTERFFRFNCFS/I IMITATIONS + 
\ 

Method interferences may be caused by contaminants in solvents, reagents, 
glassware and other’ processing apparatus that can lead to discrete artifacts or elevated 
baselines. A method blank must be done with each batch of samples to detect any possible . 
method interferences. 

It has been noted that when high concentrations of endosulfan are injected, often a 
significant amount remains in the needle and results in carry over to the next injection. For 
this reason all injections should be done at least in duplicate. If significant carry over is . . 
observed, the run should be repeated. 

4. EQUlPMENT -- 

A. INSTRUMENTATION: 
. . . ’ ‘t 

.! 

Varian 3400 gas chromatograph 
Varian 604 Data System 
Varian 8200 Autosampler 

Detector: 350°C 
Injector: 250°C 
Column: J&W Scientific D&608, 30 meter, 0.32 mm i.d., 0.5 urn film thickness. 

1 



Program: Initial 80°C, hold 1 min, to 265°C @ 50°C/min., hold 25 min. Retention 
times: Endosulfan I = 13.8 min., Endosulfan II = 17.8 min., Endosulfan sulfate = 
20.8 min. End of run = 29.7 min. 

Splitter open @ 0.8 min., flow 50 mL/min. 

Flows: 
column: He, 1.7 mL/min, 8 psi 
Make up = 30 mL/min. N, 

B. AUXILIARY APPARATUS: 

1. Glass amber vials, 8 mL capacity. 
2. Vial Shaker, SKC, or equiv. 
3. Autosampler vials with septum caps. 

C. REAGENTS 

1. Isooctane, Pesticide Grade, or better 
2. Endosulfan I and II (alpha and beta isomers), Endosulfan sulfate 98Oh pure or 

better (Chem Service). 

5. ANALYSIS OF SAMPLES 

1. It is necessary to analyze a solvent blank with each batch of samples. The blank 
must be free of interferences. A solvent blank must be analyzed after any sample 
which results in possible carry-over contamination. 

2. If a standard curve is not generated each day of analysis, at least one calibration 
sample must be analyzed for each batch of ten samples. The, response of the 
standard must be within 10% of previous calibration analyses. 

3. Carefully score the primary section end of the sampled XAD-2 tube above the 
retainer spring and break at the score. Remove the glass wool plug from the primary 
end of the XAD-2 tube with forceps and place it into an 8 mL amber colored samp!e 
vial. Pour the XAD-2 into the vial and add 3.0 mL isooctane: Retain the secondary 
section of the XAD-2 tube for later analysis to check the possibiliiy of breakthrough. 

4. Place the sample vial on a desorption shaker for 25 minutes. Remove the 
isooctane extract and store in a second vial at 4°C until analysis. 

5. After calibration of the GC system, inject 2.0 ul of the extract. If the resultant 
peaks for endosulfan have a measured area greater than that of the highest standard 
injected, dilute the sample and re-inject. 

6. Calculate the concentration in ng/mL based on the data system calibration 
response factors. If the sample has been diluted, multiply the calculated 
concentration by the dilution factor. 

2. . 
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7. The atmospheric concentration is calculated according to: 

Cont., “g/m’ = (Extract Cont., ng/mL X 3 mL) / Air Volume Sampled, m3 

6. BUALlTY 

A. INSTRUMENT REPRODUCIBILITY 

Six replicate injections of 2 UL each were made of a standard containing all three of 
the endosulfans in order to establish the reproducibility of this instrument. This data 
is shown in TABLE 1. 

TABLE 1. INSTRUMENT REPRODUCISILITY 

AMOUNT 
INJECTED 
(ng/mLl Endosulfan I Endosulfan II -. Endosulfan sulfate 

1.0 17,953&45Ok3%) 11,662&1494(kl3%) 15,235k1,288 I&8%, 

5.0 50,537&739 (+2%l 37,134&779 k2%) 38.742k2.429 t&8%) 

25.0 383,214~ 14,464(&4%) 329,052Al7,357(k6%1 300,835&21,662 t&7%) 

50.0 714,243~4,330 kl%l b16,688L9,2dO k2%1 614,554&14,658 k2%) 

B. LINEARITY . 

A four point calibration curve was made ranging from 1 .O ng/mL to 50.0 ng/mL 
(from TABLE 1). The coresponding equations and correlation coefficients are: 

Endosulf an I Y = 6.8599 x10” X + 0.2543 Corr. =:-!998 

Endosulf an II Y = 7.9079 x 1O”X + 0.8138 Corr. = ..999 

Endosulfan sulfate y = 8.0121 X lo”X + 0.8334 Corr. = .999 
. : I 

C. MINIMUM DETECTION LIMIT 
, .’ 

* I 
’ ‘: 

Using the equations above and the data below, the minimum detect&n limit for 
Endosulfan was calculated by: 

MDL = Ii 1 + 3(s.d.,) 

where: Ii] = the absolute value of the intercept of the standard curve (from above). 

s.d., = the standard deviation of the lowest concentration used for the standard 
curve. 

3 ' 



For Endosulfan 1: lowest concentration used = 1 .O k 0.29 ng/mL 

MDL = IO.25431 + 3iO.29) = 1.12 ng/mL 

For Endosulfan II: lowest concentration used = 1 .O k 0.93 ng/mL 

MDL = IO.81381 + 3iO.93) = 3.6 ng/mL 

For Endosulfan sulfate: lowest concentration used = 1 .O 2 0.94 ng/mL 

MDL = IO.83341 +3(0.94) = 3.7 ng/mL 
. 

Based on the 3 mL extraction volume and assuming a sample volume of 2.7 m3 
(1.9 Ipm for 24 hours): 

Endosulfan I: 1.17 na/ml (3 ml 1 = 1.2 ng/m3 per 24hour sample 
2.7 ma3 

Endosulfan II: = 4.0 ng/m3 per 24-hour sample 3.6 na/mL (3 ml 1 
2.7m3 

Endosulfan sulfate: 4.1 ng/m3 per 24hour sample 3.7 nglm = 
2.7 m3 28 

D. COLLECTION AND EXTRACTION EFFICIENCY (RECOVERY) 

Collection and extraction efficiency data for Endosulfan on *D-Z is presented;in l 

TABLE 2. - 

TABLE 2. COLLECTION AND EXTRACTION EFFICIENCY FOR ENDOS”L&N ON XAD-2 

ENDOSULFAN I 

a 

ENDOSULFAN II 

c 

~ 150 I 106.4 I 71il 

ENDOSULFAN SULFATE 

Amount Amount 
Spiked Recovered 
Ml) (na) (%I 

50.0 34.4 I I 69i4 

150 I 9105 I 61*2 

4 . 



The standards were spiked on the primary section of an XAD-2 tube. The tube was 
then subjected to an air flow of approximately 2 Ipm for 24 hours. The tubes were 
run at an ambient temperature of approximately 85°F. The primary sections were 
then desorbed with 3.0 mL of isooctane and analyzed by capillary column GC/ECD. 

E. STORAGE STABiLlTY 

Storage stability studies were done in triplicate for 1 .O ng endosulfan spikes on XAD- 
2 tube primary sections over a period of 20 days. The percent recovery data for 
storage stability is presented in TABLE 3. 

TABLE 3. ENDOSULFAN STORAGE STABILITY AT 4°C 

50 ng each spiked PERCENT RECOVERY 

0 DAY I 2.DAYS 1 --7 DAYS I 20 DAYS 

Endosuif an I 95*2 102*1 105i2 103*1 

Endosulf an II 84zt5 81&l 87*3 89&3% 

Endosulfan Sulfate 79*6 72*1 8Ozt4 86rt7Oh . 
, . 

F. BREAKTHROUGH 

Triplicate tudes were spiked at 50, 100 and 500 ngltube IEndosulfan I, Endosulfan II 
and Endosulfan sulfate) then run for 24 hours at approximately 2 Ipm, prior to 
analysis. No endosulfan was detected in the secondary of any of the tubes. . 

I. 
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t!lJLTIPClER = 1.5 

‘--‘-‘------‘---“---‘-‘------------------------------------------------- 

OEN TEtlP NOT READY 

- 19.13 

- 22.27 

OV: STOP RlJN 

--RECALIB 1 -- 

--- AtlOUNT UNITS ARE Nr, QNW,YTE <CALTRRFiTED IN NE INJF,CTED) --- 
HP S8f$W 8/N 24A7ABS7t36 

KM1 5888R SFMPLFR TN.JECTInN 51 2~: ji. FIPR 22e 1997 
SAr!PLE ii : ID CODE : 

91 4 PT; STD 

C)JDOSULF~W W-17 3AW.25X.5 ZAPS1 88/l-569/38 MAJ 69. S/S@259 
LSTD . 

3 . 
RT 

2) 14.84 

WF ICUT TYPF WM. Al’lOljN r NAMF. 
., 

3.98 PP 1’ 4~800Mi: END0 I 
47 
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A-ITACHMENT D 
Standard Curve Plotted r-Values 

Endosulfan Linrrri 
125 
125 Endosulfan Linrrri ty Curvas--38H DB-17 8 20 psi, 68 nL H/U ty Curvas--38H DB-17 8 30 psi, 68 nL H/U 

I r=.9991 I rs.9991 
ree- / 

4-20-97 Curvas, 

III r = .9990 

0 1.. . i. -. . *. I . . 1 
0 2s s0 7s 100 1 

PQ Endosulfm I, 11, 111 In,jacted 

. 

I 



ATTACHMENT E-l 

:+RTTN + 29% 

I- 
%?.?% 

3 OV: STOP RIJN 

0 

4 
--RECALIB 1 -- 

. . ._ 
--- AMOUNT UNITS ARE EIG WMLYTE (r,FILIf&T~D IN NG ~N.JECTED3 --- 
HP 588QF1 S/N 2407AQ5786 

ChPI 5888Q SA#PLC,R INJEr,Tlr)y @ 22:49 Af’R 24, l.F)97 
SSt‘IPLE # : 1l.l CODE i 

. 

91 4 PI; STD 
LNDOSULFFIN DB-17 3c)MX.2SX.S 28P81 80/l-?68/38 MAJ c;B, S&13258 
LSTD 

c 

14.81 5.99 RV 1. 4, fM9F.-133 ENTIO 1 
19.09 I?. 59 PR 2 4.I;JWK-@3 ENDO II 
29.41 9.44 RP c3.4m5 
22.22 3.13 PR 3 4.AmE-93 ENDO 711 

WLTIPLIER = 1 

---------------------------------------------------------------------- 
OVEN TEMP NOT RE,ATW . 



:I. JP-*- 

- 3. 

i * * ; :. A’ITACHMENT E-2 
I 

lllJLTIP~(CR o t 
Standard Curve Chromatogram - 0.010 ug (each) 

14.81 

.--RECF)LIB 2 -- . 

--- ~I’WJNT IJNITS ARE Nr, ANFII YTF, tC:FII lF)RATFI) IN NC ?N.JEr.TEn) --- 
HP 58890 S/N 2487AQ!j7t3A 

3 chpx 5QQQn SfW’LER IN.JECTION 13 23:2Q FiPR 24, 1997 
3 SAMPLE t : ID CflrJF : 
0 92 10 PG STD 

ENDOSlN.FW m-r 7 7QMY _ ?SY 
z-OTZI * 1-w - ..-a, -*I- -. . _*. . ___ 

s 3laPST f3R/1-?bn/I?n H/II (in. S;/Sl32!5Q 
.- . . _ .*- *.-* .-*-_*-.* * **_**** ****-.*-*-- a- 

RT WE t T.WT TYPF f.FIl. AHOIJNT NAMF. 

14.81 12.86 BB 1 l.@QBE-82 END0 I 
19.09 .8.76 VB 2 l.WBE-02 END0 II 
28.77 1.15 BV 1.147 
22.22 7.59 VP 3 l.wmL-02 &DO 1tt* 



i -.- -- 
i--.---i -.---.-- 

A-ITACHMENT E-3 
XT: 77ac 

i 
Standard Curve Chromatogram - 0.050 ug (each) 

2.cr2 . I 

STfiRT F!NAl. TTMF. 1 

RT: SET 8C 14.81 

. RT HE t I;WT TVPE Cc3c. AMnUN I NAMF, 

3 14.81 52.51 B’C t 5.96OE-82 EHDQ I 
3 15.28 
3 

1.14 68 1.130 
-19.09 35.29 - VP 2 5.088E-82 END0 II 
28.42 2.78 WI 5.7x? 
26.74 2-w tie .%.l$lcq: 
22.22 29.i8 RB 3 5.88BL-82 END0 ‘III 

WLTIPLIER = 1 

---------------------------------------------------------------------- 
OVEN T&P NOT RVW 

: 



19.09 

P RIJN 

--RECALIB 4 -- . 

--- WIOUNT UNITS RRE NI; ANALYTE CC~~LIQI?~ITED IN NG INJECTED) --- 
HP 5880fI S/N 2487fWS786 

ChP1 588r39 SfNlPLER INJECTION 8 @:24 FIPR 253 1997 
SFMPLE 0 : ID CODE -Z- . 

94 1QQ PG STD 
LNDOSULFFiN D8-17 3t3MX.2SX.S 29PSf 88/t-269/39 MAJ 68q S/S13259 
CSTD 

. 
PT WF ! T;WT TYPF CAI, flMT)tJNT NAME 

14.81 
15.23 
19.89 
28.42 
22.22 
25.96 

a '26.67 
3 
3 26.37 

26.45 

114.44 RV 1 9.t99 ENDO 1: 
a.94 V8 n-942 

76.35 PS 2 S-t99 END0 11 
1.29 RP 1.299 

64.53 RR 3 A.lA@ ENnO TIT 
?.?!i PV 
7.A3 l vv ..- 

2.249 . 
?.A77 

I-57 vv I.374 
1.34 VR 1.74s , 

. ., . . ..F_-..m .._. -- . . . . .._ 

IIULTIPLILR = 1 . 
^ ---------------------------------------------------------------------- 52. ’ 
OVEN TOW NOT RFqDY 

i, ;:’ 
F .: ;;,. ,.,- ,+.fril* C.. I , .,,.,. ( _- 



-.. - ..__ *. .- ---- 
1 Al-t-AiGkNT F --- - - ---------I 
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I WHSSOP-AD- II I 

California Department of Food and Agriculture 
Center for Analytical Chemistry 
Worker Health and Safety Laboratory 
3292 Meadowview Road 
Sacramento, CA 95832 

Number: WHS-AD-1 I 
Date: 02/05/96 
Revision: 
Replaces: 
Page: 1 of 3 

STANDARD OPERATING PROCEDURE 

Title: Data Generation and Reporting 

Purpose: To Provide a Standardized Procedure for the Generation and Reporting of 
Chromatographic Data 

Scope: All laboratory personnel. 

Procedure: 

Any conflict with instructions in the method or protocol must be resolved with senior 
staff, the study director, and documented before proceeding. 

The number of standards used should adequately describe the standard curve shape. 
Typically this is 3-5 points spanning 1-2 orders of magnitude for linear systems. For non- 
linear systems, additional points or narrower concentration ranges may be needed. 
Calibration curves should include a data point near the instrument MDL of the 
compound(s), or a point that approximates the project LOD. All samples with’ responses 
higher than the upper limit of the standard curve must be diluted and reanalyzed. 

The number and concentration of standards necessary to “‘adequately describe” the curve 
shape depend on the type of curve fitting used for data analysis as well as the actual shape 
of the curve, which in turn depends on the detector used and the chemical being analyzed. 
In the case of point-to-point curve fitting (used by HP 5880 and 3396 integrators), the 
number of standards and their concentrations should be chosen so that the maximum 
quantitative error between a smooth curve and the point-to-point line, measured at the 
midpoint between consecutive standard levels, is 15% or less. Curve-fit errors in systems 
that can use quadratic functions (HP MSD, Varian Saturn) are much less, and 
consequently wider concentration ranges can be used, 

In general, using peak heights for GC data will minimize errors because it reduces the 
effect of small leading or trailing peak interferences. For LC work, peak areas yield better 
data because of the tendency for LC peaks to widen and shorten during a run due to the 
effect of developing column voids. 

Retention times should be reproducible to better than 1% in most cases for both LC and 
GC. Capillary GC and gradient LC times should be even better. Some systems will 



WHS-AD-I 1 
Revision: 
Page: 2 of 3 

slowly drift due to changing ambient conditions in the lab, but consecutive runs should 
show very small changes. 

Samples must be nm in groups small enough that the standard curves on either side of 
them will not vary by more than +/- 15%. Sufficient data should be generated during 
method development to provide guidance for the chemist on this number, and that 
information should be included in the method. Typically, no more than IO-20 samples 
should be analyzed between standard curves. ‘Conditioning’ samples and cooling GC 
analytical systems between batches may provide more consistent data. 

Residues are generally reported in micrograms/sample. In the absence of complicating 
factors, levels should be reported as follows: 

>= 1000 ugs to nearest 10 ug 
100 to 999 ugs to nearest ug 
10 to 99.9 ugs to nearest 0.1 ug 
I to 9.99 ugs to nearest 0.01 ug 
0.010 to .999 ugs to nearest 0.001 ug 

To prevent confusion when reporting high levels of residue, do not mix reporting units. 
That is, do not report some values as ugs/sample, and some as mgs/sample within the 
same group of samples, unless the unit changes are clcnrly marked to draw the reader’s 
attention. 

Recovery data should be reported, but sample results NOT corrected for recovery. If 
corrected results are reported, a notation explicitly stating that fact should be included on 
the report sheet. 

. 
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Terry Jackson, QA Officer 
Center for Analytical Chemistry 

Liia Riverq Program Supervisor 
Center for Analytical Chemistry 

Approve+ BJ: 
/ 

Center for An&Cal Chemistry 1 
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- _ . .- --._ __. -- .-. .-. 

. * :, 
> --=. A- 

I- ,-. *. ; ATTACHMENT G-l L 
bC. 3 Z‘J Resin Lab Spike Chromatogram - SO ng (each) Endosulfan I and II 

- ---_------------------------------------------------------------------ 

OVEN TEtlP NOT RERnY 
. 

--- APWJNT UNITS FIRE. t&G,- 
. 

(CfiLIRRFtTED IN NG INJECTED) --- 
HP 5889R S/N 2iJ43At~3k31; 

SRPPLE + : ID CODE : 
21 QALSI. 

ENDOSULFAN D8-17 38MX,2!5X,5 2@PSl 
CSTD 

RT YF TT;WT TYPF CA1 - - w.. . . . ._ ._ 1 

14.87 m-57 RP 1 
17.69 9.3a RR 
17.91 cr.59 RR 
18.25 

. 
9.24 RR 

19.i7 13.06 P8 2 
28.51 2%.9! PV 
21.n 9.29 R8 
24: 2% . . . -.. ._ e. . . . . 1.12 BH 
24.55 : ‘.%9 PH;5., 

%0/l-269/3$ M/lJ 

AMfll INT NAMF me .-. . . 

A. A’3rJF -W E NW 
9.597 
9.899 
R-369 

3.32IE-92 END0 
43.369 

0.293 
t.m9 

60, S/S0250 

. 

1 

II 



me- _- _ ATTACHMENT G-2 

RUN . . 

--- AIIOUNT UNITS ARE. JG/SPL tCfiLI8RATED IN NG INJECTED) --- 
HP 5880A S/N 2943A02996 

ChP3 S889R StWPLER ~N.JEC:TtON @ 99:59 APR 17. 1997 
SAMPLE Y : ID CODE : . 

29 WTS-7 
LHDOSULFSH DB-17 .3RMX, 25X.S 29PSI 99/l-260/39 MAJ fiti* 1$6$1?259 
ESTD 

* RT NF, i. T,HT TYPF, CRI, AMOl!NT NAMS 

14.87 27.63 
15.51 1.16 
16.99 cl.dA 
17.32 9.Sd 
18.92 1.77 
19.17, 1?.52 
29.51 274.79 
24.29 19.19 
24.94 9.63 
25.83 9.37 

RU 
PR 
RR 
RR 
%U 
UR 
RV 
RP 
8U 
RR 

1 4.1 SW.-C+2 ENDO T 
1.747 
9.1549 
9.913 
1.997 

2 X..99lE-92 END0 11 
412.167 

1s. 149 
9.947 
9.569 : 

HULTIPLIER = 1.5 
. -. . . . . ,.. . . . . ,. 

~~-~~---------------~-----~~~~~~~~~~~~~-~~~~~~~~~~-----~~~~~~~~~~~~~~- -5 7 
of&N TEMP kCW *l!*SlQ 

:* ,I,p<>+ 
._ . . 

__a-., ._ ._.,_ -.. ._ 



_- ._-. _-- 
_ ’ 

-------A-- . -_ -.- -- , 

L I-J . A-ITACHMENT G-3 

iucrlw 1 r,R - 
Resin Fidd Spike Chromatogram - 50 ng (each) Endosulfan 1 and II 

1.. 

___--_--------_---_--------------------------------------------------- 

OVEN TEMP WT l?EfiII’f 

1.4.A7 

--- ~MwNT ‘JNITS ARE wWSPL ~C~W-~RRFITED IN NC; TN.JECTF,n, --- 
HP 58899 S/N 2043A9299fr 

thpl =8@f! SRMPLER INJECTION @ 29:35 APR 16. lsg7 
SAIIPLE # : rn CODE : . .-. ,,, 

25 WtFS-1 
:ifiSlJLFRN W-17 39FW.25X.5 29Ps1 86/1-26~13~ MAJ 68, SlSg25~ 

RT HEIGHT TYPE CftL AMQUNT NAME 

14.87 
18.62 
19.17 
19.57 
28.51 
29.83 
21.15 

26.88 BY 1 4.297E-82 END0 I 
9.95 BP ’ 1.427 

12.96 BB 2 3.939E-92 END0 II 
8.25 BB 8.373 
3.05 BV 4.574 
1.93 vu 1.547 . 
Cl.48 VR A.73FI 

twLTIP~IER = 1.5 . 
. 



.I:- _ - : II A-~TACH~IENT H 

---e-e- 

14.81 

19.09 

7 8143 

29.43 

22.22 

P RIJN I 

--- AMOUNT UNITS ARE .tG/SPL (CFILIBRRTED IN NG INJECTED) --- 
HP 588QA S/N 2497985786 

fWJ 58809 SAMPLER INJECTI-ON 0 19:96 APR 24s 1997 
SFtnPLE * : ID CODE : 

22 421 R SPK 
LNDOSULFAN DB-17 30lW.25X.5 29PSt 8911-269139 M/IJ 60* S/S6250 
iSTD 

RT MET GHT TYPE CAL FlMOlJNT NAME 

14.36 
14.81 16.71 

17.09 
t7.88 
17.96 
19.89 
29.43 
21.47 
21.68 22.22 
24.13 

24.43 
$0 :f 

1.67 PP 2.597 
tl4.14 BP t 9.134 ENTIO 1 

9.93 BP 1.488 
l-Q7 m 

I’ 
.2.961 

?*634 - 9u 3.954 
1 .qg VU t.c;4a 

57.45 RV 3 ct. 1Rl ENWI 11 
3tr.93 mt 46.395 : 

I ,+a.72 
‘:’ 

,, RV l-Q99 
,9.7!i vu 1. 
an.42 

t2q 
9P 3 Q-3926-92 ENDO ,111 

9.41 QP fl.613 
9.w Q?.J A.$!67 . 
. .-I . -. ._ 

: 
.:G 

59’ . . . 
__i. - 



-----a- -_-------------------- 

3’4E:J tEl”lP NOT r?F.i~D’t 

i 

?imk 

25.65 

h%iP RUN. 

--- FttlOUNT UNITS RRE rG/SPL (CRLTW?ATED IN rK TNJECTED) --- 
HP 588BfA S/N 2487FICK57t36 

CM1 51)889 SAMPLER IN.JTFTttW @ Air28 FIPR 25. 1.997 
. SAIIPLE t : ID WDE : 

32 c-91. 
ENDOSULFRN De-17 3QMX.2!W.5 213~~1 S9/1-26913@ MIIJ ~;ct, s/$9259 
L$TD 

RT WE 1 T;HT TYPF CAL AMOI INT NAMF 

14.47 A-67 A PW ‘1.999 
14.81 7R,7Cj RR 1 cl,lc)7 FNlIO T 
19.89 Q-93 w 2 1.76!%-03 ENTIO II 
28.41 1.7R PV 2,667 
28.74 l-93 us 3.894 
25.65 la-44 s0 9.667 
26.38 9.59 QU 9.Af9 
26.54 9.5s VR 9.827 . 

WLTlPLIER = 1.5 
. . . -. . . . . 

. 6% 
--------------------------------------------------------------------- 
OVEN TE?lP NOT READY 

“ “‘,; 
.,.,A*&k a:, :* 

r I”=*.‘._ .._ 



APPENDIX III 

QMOSB AUDIT REPORT 



Cal/EPA 
California 
Em+oomeoul 
Protectioo 
Agtnty 

Air Resourct~ Board 

P.O. Box 2815 
2020 L stxeet 
!3acmtnto, CA 
95812-2815 

MEMORANDUM 

TO:' George Lew, Chief 
and Laboratory Branch 

ff Cook, Chief 
ality Management and Operations 
upport Branch 

FROM: Alice Westerinen, 
Quality Assurance 

DATE: October 17, 1997 

SUBJ-ECT: FINAL ENDOSULFAN 1996 QA SYSTEM AUDIT REPORT 

Attached is the final quality assurance system audit 
report on the endosulfan monitoring project conducted 
during September 1996, by the Engineering and Laboratory 
Branch of the Air Resources Board. 

Thank you for participating in this audit. 
have any questions, If. you ' 
at (916) 323-0346. 

please contact Mr. Trevor M. Anderson 
. 

Attachment 

cc: Trevor M. Anderson 
Kevin Mongar/ 
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QUALITY ASSURANCE SECTION . 

SYSTEM AUDIT REPORT 
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-- 
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I. EXECUTIVE STJWARY 

In September 1996, ,the Engineering and 
(ELB) of the Air Resources Board (ARB) 
source-impacted ambient air monitoring 

Laboratory Branch 
conducted a six-week. 
program for an 

application of endosulfan to a field in Fresno County. This monitoring was conducted to determine if endosulfan I (EDI) 
endosulfan II (EDII), 
sulfate (EDS), 

and the breakdown product, endosulfan' 
could be detected and measured in ambient air. 

The samples were collected and analyzed by ELB. 

The Quality Assurance Section (QAS) of AE?B's Monitoring and 
Laboratory Division (MLD) conducted a system audit of the 
field and laboratory operations to review the sample handling 
and storage procedures, analytical methodology, and method 
validation. In general, the laboratory practices were 
consistent with the Quality Assurance Plan for Pesticide 
Monitoring (ARB, February 4, 1994). 

Additionally; .QAS staff conducted performance audits of the 
air monitoring samplers. The performance audits of the air 
monitoring samplers were conducted to evaluate the flow rate 
accuracy. The flow rate audit was administered on July 17, 
1996: The difference between the reported and assigned flow 
rates averaged 0.8% with a range of -8.0% to 7.1%. 

To determine the effectiveness of the analytical procedure, 
laboratory performance audits were also performed. In 
August 1996, a total of 22 QA audit samples were spiked with 
known amounts of EDI, EDII, and EDS. These samples were 
submitted to ELB for analysis. The samples were prepared 
from EDI, EDII, and EDS standard solutions obtained from 
AccuStandard Inc. and Axact Standards Inc. 

The 22 audit samples were designated as QA field spikes, QA 
trip spikes, and QA laboratory spikes. The QA field spikes 
were exposed to the same handling and storage conditions and 
also exposed-to the same.environmental and monitoring 
conditions as those occurring at the time of ambient 
sampling. The QA trip spikes followed the same handling and 
storage conditions of the ambient samples. Finally, QA 
laboratory spikes were stored at ELB's storage freezer and 
then analyzed at ELB laboratory. 

The first set of seven QA spiked audit samples analyzed were 
QA laboratory spikes for EDI, EDII, and EDS. These samples 
were analyzed between August 30, 1996, and September 1, 1996. 
The audit results for ED1 indicated a low recovery rate. The 
difference between the assigned and the reported total mass 
for EDI laboratory spikes averaged -74.1% with a range of 
-100% to -59.2%. 



QAS staff reviewed the sample storage stability study, 
conducted by ELB, to determine the percent recovery of EDI, 
EDII, and EDS over time. 
nanograms (ng) of EDI, 

The stability study used SO 
EDII, and EDS stored at 4' Celsius . 

over a period of 20 days. The results of the stability study 
show ED1 samples had a 10321% recovery, ED11 samples had a' 
8923% recovery, and EDS samples had a 86~7% recovery over a 
period of 20 days. No breakthrough occurred during the 24 
hours of dynamic sampling at 2 liters per minute (LPM) air 
flow. 

The QAS staff, in conjunction with ELB, conducted an 
investigation to determine the cause of the low recovery 
results for ED1 QA laboratory spikes. Staff was unable to 
find any inconsistencies with the sample solution, laboratory 
procedures, or spiking procedures. However, 
investigation, 

as part of the 
it was noticed that the storage of the spiked 

standard solutions.procured by AccuStandard and Axact is 
handled differently between the mariufkturers recomhended 
storing condition and the approved ELB Standard Operating 
Procedures (SOP). The manufacturer recommends the 
AccuStandard and Axact standard solutions to be stored at 
room temperature, whereas ELB's SOP recommends the solution 
to be stored at 4' Celsius. However, if the standard 
solution is stored at the lower temperature, then appropriate 
equilibration is needed to bring the standard solution to 
room temperature before use. 

QAS staff contacted representatives from both the Axact and 
AccuStandards laboratories to determine what, if any, this 
change of temperature could have on the spiked samples. The 
representatives stated, at the initial concentrations given, 
a failure to allow the solutions to equilibrate to 20° 
Celsius before spiking could allow absorption of the EDI, . 
EDII, or EDS concentration to the glass container. If the 
spiked solution did adhere to the container poor results of 
the spiked samples would occur. 

A second standard solution was prepared by ELB staff and 
compared to their working standard. This was prepared by ELB 
staff to determine the accuracy of their laboratory standard 
solution. In this comparison, ELB staff found no difference 
in standard solutions. It should be noted that in addition 
to this information, the laboratory standard concentration* 
was created by using a pure or neat solution. This pure 
material is not dependant on temperature variations as is a 
diluted sample like the sample spiking solutions procured by 
AccuStandard and Axact. QA staff found no evidence to 
indicate the ambient results were affected by the temperature 
variations. Equilibration of the laboratory standards to 
room temperature was a standard operating practice in the 
analysis of all samples. 
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The QA laboratory audit results for ED11 indicates a 
difference between the assigned and the reported total mass 
average of 4.6% with a range Of -3.7% to 11.1%. For EDS, the audit results indicate a difference between the assigned and 
the reported total mass average of -28.7% with a range of 
-31.7 to -24.5%. After review and discussion with ELB staff 
it was determined that QA laboratory spike data for both EDI; 
and EDS were reasonable. 

The next QA audit samples analyzed were ten QA trip spikes 
for EDI, EDII, and EDS. These samples were spiked using two 
different sets of standard solution. Of these sets, the 
first five samples were analyzed between October 3-4, 1996, 
using the standard solution from AccuStandard; the second 
five samples were analyzed between October 8-9, 1996, using 
the standard solution from Axact. The audit results for ED1 
indicated a low recovery rate using both the AccuStandard and 
Axact spikes. The difference for ED1 between the assigned 
and the reported 
spikes averaged 

total mass for the five AccuStandard QA trip 
-94.9% with a range of -100% to -89.8%. The 

difference between the assigned and the reported total mass 
for the five Axact QA trip spikes averaged -82.6% with a 
range of -100% to -64.3%. 

QAS staff, in conjunction with ELB, conducted an 
investigation to determine the cause of the low recovery 
results for ED1 QA trip spikes. In December 1996, 
approximately three months after initial spiking, ELB staff 
conducted a "head-to-head" comparison for EDI, EDII, and EDS, 
and analyzed the lab standard solution against the standard 
solutions used by QA staff provided by AccuStandard and 
Axact. This comparison found that the AccuStandard was 
comparable with the lab standard while the Axact standard 
recovery rate was low by a factor of 10. However, the ' 
solutions used for spiking were stored differently from the 
manufacture's recommended storing conditions for three months 
before the head-to-head comparison was conducted. Axact 
Standards IncTonly guarantees their product if the 
temperature remains between 18 and 28' Celsius. Therefore, 
the head-to-head comparison does not provide a solution to 
the inconsistencies with the AccuStandard spikes. Based on 
the storage temperature issue noted above, it is a 
possibility that the Axact standard solution could have been 
compromised if the solution was not fully allowed to 
equilibrate to 20~ Celsius before sampling. 

Staff found no other inconsistencies with the sample 
solution, handling procedures, spiking procedures, and 
laboratory procedures, other than the storage issue noted 
above. Based on the low recovery results for ED1 QA trip 
spikes and inconsistent sample storage procedures noted 
above, the impact on the ambient data cannot be determined at 
this time. 

. 
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The QA trip spike audit results for ED11 were also 
complicated. The Accustandard values reported non-detect for 
the samples spiked, therefore, these samples were not 
reasonable. The Axact values indicate the difference between 
the assigned and the reported total mass of ED11 averaged 
-27.8% with a range of -29.6% to -25.9%. For EDS, all spikes 
were assigned blanks and no contamination of the blanks were 
detected. After review and discussion with ELB staff, it was 
determined that QA trip data for ED11 Axact spikes and EDS 
trip blanks were reasonable. 

The five QA field spiked audit samples were analyzed for EDI, 
EDII, and EDS. These samples were analyzed between 
October 8-9, 1996. Again, the audit results for ED1 
indicated a low recovery rate. The difference between the 
assigned and the reported total mass for ED1 field spikes 
averaged -55.9% with a range of -61.7% to -46.4%. Based on 
the low recovery results for ED1 QA field spikes and the 
inconsistent sample storage procedures noted above, the 
impact on the ambient data cannot be determined at this time. 

The QA field spike audit results for ED11 indicates a 
difference between the assigned and the reported total mass 
average of -16.7% with a range of -18.5% to -14.8%. For EDS, 
all spikes were assigned blanks and no contamination was 
detected. After review and discussion with ELB staff, it was 
determined that QA field spike data for both EDII and EDS 
were reasonable. 

11. CONCLUSION 

Ooerations 

The records for field operations, sample handling procedures, 
analytical methodology, and method validation were in 
agreement with the Quality Assurance Plan for Pesticide 
Monitoring. - 

Field Flow Rates 

The results of the reported flow rates were in agreement with 
the actual flow rates measured by QAS staff. 

Laboratorv Accuracy 

The QAS review of EDS laboratory spikes and blanks, trip 
blanks, and field blanks resulted in good recovery levels. 
The ED11 laboratory spikes, field.spikes, and all blanks 
resulted in good recovery levels. The results from the ED11 
trip spikes for QA-ET1 and QA-ET2 were not detected, so no 



results were determined. Finally, the results of ED1 spikes 
showed consistent recovery rates of -65%. 

QAS staff, in conjunction with ELB, conducted an . investigation to determine the cause of the low recovery 
results during the QAS analytical performance audit for ' 
laboratory, trip, and field spikes of EDI. Staff was unable to find any inconsistencies with the sample solution, 
laboratory procedures, or spiking procedures. 
part of the investigation, However, as 

it was noticed that the storage of 
the spiked standard,solutions provided by AccuStandard and 
Axact is handled differently between the manufacturer's 
recommended storing condition and the approved ELB Standard 
Operating Procedures (SOP). The manufacturer recommends the 
AccuStandard and Axact standard solutions to be stored at 
room temperature, whereas ELB's SOP recommends the solution 
to be stored at 4O Celsius. However, if the standard 
solution is stored at the lower temperature, appropriate 
equilibration is needed to bring the standard solution to 
room temperature before use. 

QAS staff contacted representatives from both the Axact and 
AccuStandards laboratories to determine what, if any, this 
change of temperature could have on the spiked samples. The 
representatives stated, at the initial concentrations given, 
a failure to allow the solutions to equilibrate to 20° 
Celsius before spiking could allow absorption of the EDI, 
EDII, or EDS concentration to the glass container. If the 
spiked solution did adhere to the container, poor results of 
the spiked samples would occur. 

A second standard solution was prepared by ELB staff and 
compared to their working standard. This was prepared by ELB 
staff to determine the accuracy of their laboratory standard 
solution. In this comparison ELB staff found no difference 
in standard solutions. It should be noted that in addition 
to this information, the laboratory standard concentration 
was created by-using a pure or neat solution. This pure 
material is not dependant on temperature variations as is a 
diluted sample like the sample spiking solutions procured by 
AccuStandard and Axact. QA staff found no evidence to 
indicate the ambient results were affected by the temperature 
variations. Equilibration of the laboratory standards to 
room temperature was a standard operating practice in the ' 
analysis of all samples. 

In December 1996, approximately three months after initial 
spiking, ELB staff conducted a "head-to-head" comparison for 
EDI, EDII, and EDS, and analyzed the lab standard solution 
against the standard solutions used by QA staff provided by 
AccuStandard and Axact. This comparison found that the 
AccuStandard was comparable with the lab standard, while the 
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Axact standard recovery rate was low by a factor of 10. 
However, the solutions used for spiking were stored 
differently for three months from the manufacture's 
recommended storing conditions before the head-to-head . 
comparison was conducted. 
guarantees their product if 

Axact Standards Inc. only 

18 and 28' Celsius. 
the temperature remains between 

Therefore, the head-to-head comparison 
does not provide a solution to the inconsistencies with the 
AccuStandard spikes. 
noted above, 

Based on the storage temperature issue 
it is a possibility that the Axact standard 

solution could have been compromised if the solution was not 
fully allowed to equilibrate to 20° Celsius before sampling. 

After reviewing QAS spiking standard solution handling, 
storage, and shipping records, along with records for 
analyses of QA spikes at ELB's laboratory,'concentration for 
the standard solutions, stability studies, and all other 
laboratory and field procedures, and taking into account the 
temperature issue noted above, it has been determined that 
QAS analytical performance audit data for ED1 produced 
consistent recovery rates of -65% for QAS spiking solution. 
This low recovery of the ED1 spiked samples could be caused 
by the inconsistent sample storage procedures noted above. 
Based on the information provided, the impact on the ambient 
data compared with QAS spiking solution for EDI cannot be 
determined at this time. 

III. RECOMMENDATIONS 

1. 

2. 

3. 

4. 

Before handling and storing the standard solution, 
standard operating procedures should be checked against 
the recommended storing conditions by the manufacturer 
for any discrepancies. 

Before handling and assembling the spiking solution and 
samples, laboratory procedures and practices should be 
thoroughlyreviewed and followed by all parties involved. . 

Verify temperature requirements as well as concentrations 
of standard solutions before samples are spiked. 

Additional precautions should be established to preclude 
the possibility of poor sample spiking. 

IV. INTRODUCTION 

In September 1996, the Engineering and Laboratory Branch 
(ELB) of the Air Resources Board (ARB) conducted a six-week ' 
source-impacted ambient air monitoring program for an 
application of endosulfan to a field in Fresno County. This 
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monitoring was conducted to determine if endosulf 
endosulfan II (EDII), 
sulfate (EDS), 

and the breakdown product, 
could be detected and measured in 

The samples were collected and analyzed by ELB. 
Monitoring and Laboratory Division's (MLD) Qualit 
Section (QAS) staff conducted a system audit of t 
laboratory operations, and performance audits of 
samplers' flow rates and the analytical method. 

!an I (EDI), 
endosulfan 
ambient air. 
The ARB's . 
,y Assurance 
.he field and 
the air 

V. AUDIT OBJECTIVE 

The system audit was conducted to determine whether the 
quality control practices for the handling and storage of 
samples, analytical methodology, and method validation were 
consistent with the Quality Assurance Plan for Pesticide 
Monitoring (ARB, February 4, 1994). Performance audits were 
conducted to evaluate the accuracy of the air samplers' 
rates and the analytical method. flow 

VI. FIELD AND LABORATORY OPERATIONS 

A system audit of the field and laboratory operations was 
initiated in August 1996, 
to ELB staff. 

through a questionnaire submitted 
Additionally, the "Protocol for the 

Application Air Monitoring of Endosulfan in Fresno County 
During Fall, 1996" and ELB's "Standard Operating Procedure 
for the Analysis of Endosulfan in Ambient Air" were reviewed 
by QAS staff. In general, the laboratory practices were 
consistent with the Quality Assurance Plan for Pesticide 
Monitoring (ARB, February 4, 1994). 

Ambient Air Samolina. Samole Handlina and Storaue 

Samples were collected by drawing ambient air at measured 
rates through sample tubes containing XAD-2 resin. Once 
sampled, theexposed XAD-2 resin tubes were stored either on 
dry-ice or in a freezer until desorbed with 3 milliliters 
(mL) of isooctane in the laboratory. The flow rate was 
accurately measured and the sampling system operated 
continuously at the exact operating interval. The resin tube 
was protected from direct sunlight using a rain shield and 
was supported 1.5 meters above ground during the sampling * 
period. An air sampler consisted of the Teflon cartridge 
connected with Teflon tubing to an in-line rotameter, which 
in turn was connected to an air pump. A sketch of the 
sampling apparatus is shown in Attachment 1. 

The samplers' rotameters were set to an indicated flow rate 
Of 2.0 LPM. The sampling was conducted following the 
schedule specified in the sampling protocol. The samples 
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were removed from the sample train, capped, and 
identification labels were affixed to each tube. Each tube was placed in a zip-lock plastic bag with up to five other 
samples. An identification label was then affixed to the . 
zip-lock plastic bag. The samples were stored in culture 
tubes on dry ice and held in the field for up to one week ' 
prior to shipment to the laboratory. 
laboratory in Sacramento, 

Upon receipt at ELB 
the samples were either analyzed 

immediately or stored in a freezer until extraction and 
analyses were conducted. All samples were analyzed within 
the required two weeks of receipt by ELB. 

Samule Analvsis 

The analytical method used was developed by ELB and described 
in the "Standard Operating Procedure for the Analysis of 
Endosulfan in Ambient Air." The method calls for the XAD-2 
resin.to .be stored in a refrigerator or ice chest until 
desorbed with 3 mL of isooctane. The sample is desorbed by 
pouring the XAD-2 resin into a vial and adding 3 mL of 
isooctane. 
minutes. 

The sample is then placed on a shaker for 25 
After being removed from the shaker, the sample is 

stored at 4' Celsius until analysis. A 2.0 microliter (pL) 
sample is then injected into the gas chromatograph (GC) and 
analyzed. The injected samples were analyzed on a Varian 
model 3400 gas chromatograph with a DB-608 capillary column 
and an electron capture detector. Four levels of EDI, EDII, 
and EDS standard concentrations (using a single injection per 
level) were used to establish the instrument standard 
calibration curve at 1 ng, 5 ng, 25 ng, and 50 ng. 

The following quality control activities were performed to 
monitor and document the quality of the data: field control 
blanks were analyzed with every analytical run; laboratory 
spikes were analyzed in replicate with every analytical run; 
and about 10% of the samples were analyzed in replicate to 
document analytical precision. Precision checks of the data 
showed less tmn 210% difference. Field duplicates from 
collocated sites were collected once per week at each site. 
A portion of the samples were analyzed by Gas Chromatograph 
Mass Spectroscopy Selective Ion monitoring to confirm the 
identity of the analyte. 

Method Validation 

The minimum detection limit (MDL) criteria was determined by 
using the EPA technique based on multiple determinations of 
low concentrations of EDI, EDII, or EDS. The MDL was 
calculated to be 1.12 ng/mL for EDI, 3,62 ng/mL for EDII, and 
3.7 ng/mL for EDS. 
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Collection and extraction efficiency was determined for a 
50 ng spiked sample. The percent recovery was 101~1% for 
EDI, 81~3% for EDII, and 6924% for EDS. The collection and extractron efficiency was also determined for a 150 ng spiked 
sample. 
EDII, 

The percent recovery was 9021% for EDI, 71~1% for. 
and 61~2% for EDS. 

A sample storage stability study was conducted to determine 
the percent recovery for 50 ng of EDI, EDII, and EDS stored 
at 4O Celsius over a period of 20 days. The results of the 
stability study show ED1 samples had a 103~1% recovery, 
samples had a 8923% recovery, ED11 

and EDS samples had a 8627% 
recovery over a period of 20 days. No breakthrough occurred 
during the 24 hours of dynamic sampling at 2 LPM air flow. 

Documentation 

All the samples received at the laboratory were accompanied 
by chain-of-custody records. Field data sheets containing 
the sample collection information were retained by ELB. The 
information recorded in the field data sheets included 
sampler ID, sampling date, start and stop times, flow rate, 
and comments about unusual conditions. 

Laboratory and instrument maintenance logs were kept in bound 
notebooks with numbered pages. The entries made in the 
laboratory book included sample number, sample type, date 
sample was received, collection date, date of analysis, 
results of analysis, and analyst. The raw analytical data 
were recorded on electronic files and will be kept 
indefinitely by ELB. 

VII. PERFORMANCE AUDITS 

It should be noted that the percent difference for all Tables 
is calculated by using the following equation: - 

Renorted Value - True Value x 100 
True Value 

Flow Rate Audit 

The flow rate for each sampler used was audited on July 17,' 
1996, following the procedures outlined in Attachment 2. The 
audit was conducted with a 0 to 3 LPM mass flow meter 
traceable to the National Institute of Standards and 
Technology (NIST). The difference between the reported and 
true flow rates for the ambient air samplers averaged O.$% 
and ranged from -8.0% to 7.1% (Table 1). 
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Table 1 Table 1 
Results of the Flow Audit Conducted on the Results of the Flow Audit Conducted on the 

Ambient Samplers Used During the Monitoring Ambient Samplers Used During the Monitoring 
for Endosulfan for Endosulfan . . 

Sampler Reported Flow 
Number 

True Flow 
(LPM) 

Percent ' 
(LPM) Difference ----------------------------- _____-__________________________________------------------ ----------_---------_________ 

6A 1.95 1.91 
7A 

2.1 
1.95 1.89 

12 
3.2 

1.95 1.84 
13 

6.0 
1.95 1.82 

20 
7.1 

1.95 2.12 
21 

-8.0 
1.95 2.02 

22 
-3.5 

1.95 1.96 
23 

-0.5 
1.95 1.96 

24 
-0.5 

1.95 1.92 1.6 
25 1.95 1.94 0.5 
26 1.95 1.95 0.0 
27 1.95 1.91 2.1 

Analvtical Performance Audit 

In August 1996, a total of 22 QA ambient audit samnles were 
spiked with known amounts of QAS's standard solution of EDI, 
EDII, and EDS following the procedures outlined in 
Attachment 3. The 22 QA audit samples were designated as QA 
field spikes (51, 
spikes (7). 

QA trip spikes (lo), and QA laboratory 
The QA field spikes were exposed to the same 

handling and storage conditions and also exposed to the same 
environmental and monitoring conditions as those occurring at 
the time of ambient sampling. The QA trip spikes followed 
the same handlingand storage conditions of the ambient 
samples. 

The seven QA laboratory spikes were stored at ELB's storage 
freezer for four days before extraction and analysis. The QA 
laboratory spikes were analyzed by ELB on August 30 and 
September 1, 1996. The audit results for ED1 indicated a low 
recovery rate. The difference between the assigned and the 
reported total mass for ED1 laboratory spikes averaged -74.1% 
with a range of -100% to -59.2% (Table 2). 

The QAS staff, in conjunction with ELB, conducted an 
investigation to determine the cause of the low recovery 
results for ED1 QA laboratory spikes. Staff was unable to 
find any inconsistencies with the sample solution, laboratory 
procedures, or spiking procedures. However, as part of the 
investigation it was noticed that the storage of the spiked 
standard solutions provided by AccuStandard and Axact is 
handled differently between the manufacturer's recommended 
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storing condition and the approved ELB Standard Operating 
Procedures (SOP). The manufacturer recommends the 
AccuStandard and Axact standard solutions to be stored at 
room temperature, whereas ELB's SOP recommends the solution.. 
to be stored at 4' Celsius. 

QAS staff contacted representatives from both the Axact and 
AccuStandards laboratories to determine what, if any, this 
change of temperature could have on the spiked samples. 
representatives stated, The 

at the initial concentrations given, 
a failure to allow the solutions to equilibrate to 20° 
Celsius before spiking could allow absorption of the EDI, 
EDII, or EDS concentration to the glass container. If the spiked solution did adhere to the container, poor results of 
the spiked samples would occur. 

A second standard solution was prepared by ELB staff and 
compared to their working standard. This was prepared by ELB 
staff to determine the accuracy of their laboratory standard 
solution. In this comparison, 
in standard solutions. 

ELB staff found no difference 
It should be noted that in addition 

to this information, the laboratory standard concentration 
was created by using a pure or neat solution. This pure 
material is not dependant on temperature variations as is a 
diluted sample like the sample spiking solutions procured by 
AccuStandard and Ax&t. QA staff found no evidence to 
indicate the ambient results were affected by the temperature 
variations. Equilibration of the laboratory standards to 
room temperature was a standard operating practice in the 
analysis of all samples. 

The QA laboratory spike audit results for ED11 indicate a 
difference between the assigned and the reported total mass' 
average of 4.6% with a range of -3.7% to 11.1%. For EDS, the 
audit results indicate a difference between the assigned and 
the reported total mass average of -28.7% with a range of 
-31.7 to -24.5% (Table 2). After review and discussion with 
ELB staff, it-was determined that QA laboratory spike data 
for both ED11 and EDS were reasonable. 
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Table 2 
Results of Analyses of the QA Laboratory Spikes for 
Endosulfan I, Endosulfan II, and Endosulfan Sulfate 

. 
Sample Assigned Mass (ng) 

ID 
Reported Mass (ng) % Difference 

ED1 EDII EDS ED1 ED11 EDS ED1 ED11 EriS 113Pe101==='PIIIf3----------------------- -----------------------3-,-,,,,,,,,,,,, -_----_----------________ 
AccuStandard 

------we-_ 

QA-EL1 117.6 27 27.8 48 30 21 
QA-EL2 117.6 

-59.2 11.1 -24.5 
27 27.8 45 29 20 

QA-EL3 
-61.7 7.4 -28.1 

BLANK BLANKBLANK ND ND ND -- -- -- 
QA-EL4 8.4 BLANK 27.8 ND ND 20 -100 -- 
QA-EL5 

-28.1 
8.4 BLANK 27.8 ND ND 20 -100 -- 

QA-EL6 
-28.1 

42.0 27 27.8 16 26 19 -61.9 -3.7 -31.7 
QA-EL7 42.0 27 27.8 16 28 19 -61.9 3.7 -31.7 

The ten QA trip spikes were exposed to the same handling and 
storage conditions as those occurring at the time of ambient 
monitoring. The trip spikes were shipped, in an ice chest 
containing dry ice, from ELB laboratory to the Fresno ambient 
air monitoring station. At the Fresno site, the trip spikes 
were stored for four days in an ice chest containing dry ice, 
packaged with QA field spikes, 
for analysis. 

and returned to ELB laboratory 
The QA trip spikes were analyzed on two 

separate dates and used two separate standards: AccuStandard 
and Axact. The QA trip spiked samples, identified as QA-ETl, 
QA-ET2, QA-ET3, QA-ET4, and QA-ET5 were analyzed by ELB on 
October 3-4, 1996, and used the standard solution from 
AccuStandard. The QA trip spiked samples identified as 
QA-ET6, QA-ET7, QA-ET8, QA-ET9, and QA-ET10 were analyzed by 
ELB on October 8-9, 1996, and used the standard solution from 
Axact. 

The audit results for ED1 indicated a low recovery rate using 
both the AccuStandard ,and Axact standard spikes. The 
difference for ED1 between the assigned and the reported 
total mass for-the five AccuStandard QA trip spikes averaged 
-94.9% with a range of -100% to -89.8% (Table 3). The 
difference between the assigned and the reported total mass 
for the five Axact QA trip spikes averaged -82.6% with a 
range of -100% to -64.3% (Table 3). 

QAS staff, in conjunction with ELB, conducted an 
investigation to determine the cause of the low recovery 
results for ED1 QA trip spikes. In December 1996, 
approximately three months after initial spiking, ELB staff 
conducted a "head-to-head" comparison for EDI, EDII, and EDS 
and analyzed the lab standard solution against the standard 
solutions used by QA staff provided by AccuStandard and 
Axact. This comparison found that the AccuStandard was 
comparable with the lab standard while the Axact standard 
recovery rate was low by a factor of 10. However, the 

. 
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solutions used for spiking were stored differently for three 
months from the manufacture's recommended storing conditions 
before the head-to-head comparison was conducted. 
Standards Inc. only guarantees their product if the Axact 

. temperature remains between 18 and 28O Celsius. Therefore, the head-to-head comparison does not provide a solution to' 
the inconsistencies with the AccuStandard spikes. 
the storage temperature issue noted above, it is a Based on 
possibility that the Axact standard solution could have been 
compromised if the solution was not fully allowed to 
equilibrate to 20° Celsius before sampling. 

Staff found no other inconsistencies with the sample 
solution, handling procedures, spiking procedures, and 
laboratory procedures other than the storage issue noted 
above. Based on the low recovery results for ED1 QA trip 
spikes and the inconsistent sample storage procedures noted 
above, the impact on the ambient data cannot be determined at 
this time. 

The QA trip spike audit results for ED11 were complicated. 
The AccuStandard values reported non-detect for the samples 
spiked, therefore, these sample results were not reasonable. 
The Axact values indicate the difference between the assigned 
and the reported total mass of ED11 averaged -27.8% with a 
range of -29.6% to -25.9% (Table 3). For EDS, all spikes 
were assigned blanks, and no contamination of the blanks were 
detected (Table 3). After review and discussion with ELB 
staff, it was determined that QA trip data for EDII Axact 
spikes and EDS trip blanks were reasonable. 

Table 3 
Results of Analyses of the QA Trip Spikes for 

Endosulfan I, Endosulfan II, and Endosulfan Sulfate ' 

Sample Assigned Mass (ng) Reported Mass (ng) % Difference 
ID ED1 -ED11 EDS ED1 ED11 EDS ED1 ED11 EDS 

=p=pp=p=====pp==p===oI=Ip113-------------------- _______--------------------- ___________-_-------------------------- 
AccuStandard 

QA-ET1 117.6 
QA-ET2 117.6 

BLANK 
QA-ET3' 8 4 QA-ET4 
QA-ET5 814 

Axact Standard 
QA-ET6 117.6 
QA-ET7 117.6 
QA-ET8 BLANK 
QA-ET9 8.4 
QA-ET10 8.4 

27 BLANK 12 
27 BLANK 12 

BLANKBLANK ND 
BLAJ!IKBLJiNK ND 
BLANKBLANK ND 

27 BLANK 40 
27 BLANK 42 

BLANKBLANK ND 
BLANKBLANK ND 
BLANKBLANK ND 

ND ND -89.8 
ND ND -89.8 
ND ND -- 
ND ND. -100 
ND ND -100 

20 ND 
19 ND 
m ND 
ND ND 
ND ND 

-66.0 
-64.3 

-- 
-100 
-100 

-100 -- 
-100 -- 

-25.9 -- 
-29.6 -- 

-- -- 
-- -- 
-- -- 

. 
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The five QA field spikes were installed into the pesticide 
air monitor at this station and exposed to 24 hours of 
ambient air sampling through-the-tube samples at a rate of 
2 LPM. A replicate air sampler (collocated) was used to . 
collect and determine the background ambient air 
concentrations. After exposure to the field conditions, the 
samples were packaged, stored, and shipped in an ice chest 
containing dry ice to ELB for analysis. 

The five QA field spikes audit samples were analyzed for EDI, 
EDLI, and EDS. These samples were analyzed between 
October 8-9, 1996. The audit results for ED1 indicated a low 
recovery rate. The difference between the assigned and the 
reported total mass for the ED1 field spikes averaged -55.9% 
with a range of -61.7% to -46.4% (Table 4). Based on the low 
recovery results for ED1 QA field spikes and the inconsistent 
sample storage procedures noted above, the impact on the 
ambient data cannot be determined at this time. 

The QA field spike audit results indicate the difference 
between the assigned and the reported total mass for ED11 
averaged -16.7% with a range of -18.5% to -14.8% (Table 4). 
For EDS, all spikes were assigned blanks and no contamination 
was detected (Table 4). After review and discussion with ELB 
staff, it was determined that QA field spike data for both 
ED11 and EDS were reasonable. 

Table 4 
Results of Analyses of the QA Field Spikes for 

Endosulfan I, Endosulfan II, and Endosulfan Sulfate 

Sample Assigned Mass (ng) Reported Mass (ng) % Difference 
ID ED1 ED11 EDS ED1 ED11 EDS ED1 ED11 EDS 

===pp===pp==------------------------------------------------------- ------------------------------------------------------- 
AccuStandard 

QA-EFl 8.4 BLANK BLANK 4.5 ND ND -46.4 -- -- 
QA-EF2 8.4 Bm BLANK 3.9 ND ND -53.6 -- -- 
QA-EF3 117.6 27 BLANK 45 23 ND '-61.7 -14.8 -- 
QA-EF4 117.6 27 BLANK 45 22 ND -61.7 -18.5 -- 
QA-EF5 BLANKBLANKBLANKNDNDND -- ---- 

An investigation to determine the cause of the low recovery 
rates during QAS analytical performance audit for laboratory, 
trip, and field spikes of ED1 was conducted by reviewing QA 
spiking standard solution handling, storage, and shipping * 
records, along with records for analyses of QA spikes at 
ELB's laboratory. The following are the results of the 
investigation: 

,-14- l 

78 



The QAS's endosulfan standards and ELB's endosulfan standards 
solutions were procured by AccuStandard Inc. and Axact 
Standards Inc. 
September 1997. 

The standards had the same expiration date of 
No spiking or calculation errors were found 

when reviewing QA spiking logbook. 

The QAS endosulfan spiking solution procured from 
AccuStandard and Axact were analyzed by ELB on December 
1996, in a "head-to-head" comparison with the laboratory 17, 
standard solution. ELB staff analyzed the results and found 
that the AccuStandard was comparable with the laboratory 
standard while the Axact standard measured rate was low by a 
factor of 10. However, the solutions used for spiking were 
stored differently for three months from the manufacture's 
recommended storing conditions before the head-to-head 
comparison was conducted. Axact Standards Inc. only 
guarantees their product if the temperature remains between 
18 and 28' Celsius. Therefore, the head-to-head comparison 
does not provide a solution to the inconsistencies with the 
AccuStandard spikes. . 

A second standard solution was prepared by ELB staff and 
compared to their working standard. This was prepared by ELB 
staff to determine\ the accuracy of their laboratory standard 
solution. In this comparison, ELB staff found no difference 
in standard solutions. It should be noted that in addition 
to this information, the laboratory standard concentration 
was created by using a pure or neat solution. This pure 
material is not dependant on temperature variations as is a 
diluted sample like the sample spiking solutions procured by 
AccuStandard and Axact. QA staff found no evidence to 
indicate the ambient results were affected by the temperature 
variations. Equilibration of the laboratory standards to 
room temperature .was a standard operating practice in the 
analysis of all samples. 

The stability studies conducted by EL& staff determined that, 
endosulfan was stable for 20 days when stored at 4' Celsius. 
The QA laboratory, trip, and field spiked samples were 
transported, stored, and analyzed within the 20-day stability 
requirement. No thermometer or recording of the temperature 
was logged during the storage of the spiked samples. 

The Varian 3400 Gas Chromatograph was calibrated daily during 
the analysis of the ambient samples and QA spiked samples. 

Review of'the chromatograms and the sample analyses data 
showed no data transfer or calculation errors. Each spiked 
sample and ambient sample was analyzed using a single 
injection so no precision data could be established. 

-15- . 
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Storage of the standard solution is handled differently 
between the manufacturer's recommended storing condition and 
the approved ELB's SOP. The manufacturer recommends the 
standard solution be stored at room temperature in the dark. 
whereas ELB's SOP recommends the solution to be stored at 4: 
Celsius. However, 
lower temperature, 

if the standard solution is stored at the 
appropriate equilibration is needed to 

bring the standard solution to room temperature before use. 

Representatives from both the Axact and AccuStandards 
laboratories were contacted to determine what, if any, this 
change of temperature could have on the samples of EDI. The 
representatives stated, at the initial concentrations of ED1 
given, a failure to allow the ED1 solution to equilibrate to 
20° Celsius before spiking could allow absorption of the ED1 
concentration to the glass container. 

From the results of the investigation, the cause of the low 
recovery rates during QAS analytical performance audit for 
EDI field, trip, and laboratory spike samples could be caused 
by the temperature difference noted above. If the spiked 
solution did absorb to the container, poor results of the ED1 
spiked samples would occur. Based on the information 
provided, the impact on the ambient data compared with QAS 
spiking solution for ED1 cannot be determined at this time. - 

-16- 9 
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ATTACRMENT 2 

FLOW RATE AUDIT PROCEDURES POR AIR SAMPLERS 
USED IN PESTICIDE MONITORING 

. 

Introduction . 
Air samplers are audited using a calibrated differential 
gauge or a mass flow meter that is standardized against a 

pressure 

National Institute of Standards and Technology (NIST) traceable 
flow calibrator. The audit device is connected in series with 
the sampler's flow meter. The flow rate is measured while the 
sampler is operating under normal sampling conditions. 
sampler's indicated flow rate is corrected based on its The 
calibration, and the true flow is calculated from the audit 
device's calibration curve. 
compared to the true flow, 

The samplerts reported flow is 

determined. 
and a percent difference is 

Eouioment 

The basic equipment required for the air sampler flow audit is 
listed below. Additional equipment may be required depending on 
the particular configuration and type of sampler. 

1. NIST-traceable mass flow meter. 

2. Calibrated differential pressure gauge with laminar 
flow element. 

3. l/4!' outer diameter Teflon tubing. 

4. l/4", stainless steel, Swagelock fittings. 

Audit Procedures 

1. If power is available, connect the mass flow meter into 
a 110 VAC outlet, and allow it to warm up for at least 
ten minutes. Otherwise, perform the audit with the 
calibrated differential pressure gauge. 

2. Connect the inlet port of the audit device to the 
outlet port of the sampler's flow control valve with a 
five-foot section of Teflon tubing and Swagelock 
fittings. 

3. Connect the outlet port of the audit device to the pump 
with another five-foot section of Teflon tubing and 
Swagelock fittings. 

4. Allow the flow to stabilize for at least one to two 
minutes and record the flow rate indicated by the 
sampler and audit device's response. 

s 
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ATTACHMENT 2 (CONT'D) 

5. Calculate the true flow rate from the audit device's 
response and record the results. Obtain the corrected 
sampler flow rate from the field operator. Calculate the percent difference between the true flow rate anh 
the reported flow rate. 

The percent difference is calculated by using the 
following equation: 

Renorted Flow - True Flow x 100 
True Flow 



ATTACHKENT 3 

PERFORMANCE AUDIT PROCEDURES FOR THE LABORATORY ANALYSIS 
OF ENDOSULFAN I, ENDOSULFAN II, AND ENDOSULFAN SULFATE 

. 

Introduction 

The purpose 
accuracy of 

of the laboratory performance audit is to assess the 

measure the 
the analytical method used by the laboratory to 

endosulfan 
ambient concentrations of endosulfan I (EDI) 

II (EDII), and the breakdown product endosulfin 
sulfate (EDS) . The audit is conducted by submitting audit 
samples spiked with known concentrations of EDI, EDII, and EDS. 
The analytical laboratory reports the results to the Quality 
Assurance Section. The difference between the reported and the 
assigned concentrations is used as an indicator of the accuracy 
of the analytical method. 

Materials 

1. 

2. 

endosulfan I, I.68 pg/mL endosulfan I in isooctane, 
AccuStandard Inc., Product #S-3346A, Lot #086-242, 
Expires 9/l/97. 

endosulfan II, 5.4 pg/mL endosulfan II in isooctane, 
AccuStandard Inc., Product #S-3346B, Lot #086-243, 
Expires 9/l/97. 

3. endosulfan sulfate, 5.55 kg/mL endosulfan sulfate in 
isooctane, AccuStandard Inc., Product #S-3346C, Lot 
#086-244, Expires 9/l/97. 

4. endosulfan I, 1.68 c(g/mL endosulfan I in isooctane, 
Axact Standards Inc., Catalog #13679, Lot #13679896, 
Expires 9/97. 

5. endosulfan II, 5.4 pg/mL endosulfan II in isooctane, 
Axact Standards Inc., Catalog #13688, Lot #32090896, 
Expires 9/97. 

6. endosulfan sulfate, 5.55 pg/mL endosulfan sulfate in 
isooctane, Axact Standards Inc., Catalog #13721, Lot 
#29550896, Expires 9/97. 

7. XAD-2 adsorbent resin tubes, supplied by SKC West Inc. 

Prior to handling any chemical, read the manufacturer's Material 
Safety Data Sheets (MSDS). Avoid direct physical contact'with 
chemicals. Avoid breathing vapors. Use only under a fume hood. 
Wear rubber gloves, safety glasses, and protective clothing. 
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ATTACHMENT 3 (CONT'D) 

Preoaration of Audit Samples 

Prepare five field samples, ten trip samples, and seven 
laboratory audit samples by spiking the XAD-2 adsorbent 
cartridges with the volume of EDI, EDII, and EDS spiking solution 

l indicated in Table 1 below. Using a microsyringe, insert the 
needle into the primary section of the XAD-2 cartridge, and push 
the plunger slowly while spiking the XAD-2 adsorbent resin. 

Table 1 
Volume of Endosulfan I, Endosulfan II, and 

Endosulfan Sulfate in Isodctane Used 
QA Ambient Audit Samples 

to Spike the 

ED1 ED11 
Spiking 

Sample 
Spiking 

Solution Solution 
ID Volume (uL) Volume (uL) 

EDS 
Spiking 
Solution 

Volume (uL) 
2X== DPPPIIPltPPII'PlltP=Ittfl=P--- ---p=p==ppp==------------------- ------------------- 
Field Soikes (AccuStandard's Standard Solutions) 

QA-EFl 5.0 0.0 0.0 
QA-EF2 5.0 0.0 0.0 
QA-EF3 70.0 5.0 0.0 
QA-EF4 70.0 5.0 0.0 
QA-EFS 0.0 0.0 0.0 

Trio Soikes (AccuStandard's Standard Solutions) 
QA-ET1 70.0 5.0 
QA-ET2 70.0 5.0 
QA-ET3 0.0 0.0 
QA-ET4 5.0 0.0 
QA-ET5 ' 5.0 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

olkes (Axact's Standard Solutionst 
70.0 5.0 

QA-ET7 70.0 5.0 
QA-ET8 0.0 0.0 
QA-ET9 5.0 0.0 
QA-ET10 5.0 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

Laboratorv SDikes (AccuStandard's Standard Solutions) 
QA-EL1 70.0 5.0 5.0 
QA-EL2 70.0 5.0 5.0 
QA-EL3 0.0 0.0 0.0 
QA-EL4 5.0 0.0 5.0 
QA-EL5 5.0 0.0 5.0 
QA-EL6 25.0 5.0 5.0 
QA-EL7 25.0 5.0 5.0 

. 
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APPENDIX IV 

PCA’S APPLICATION REPORT 



Page 1 Report Oat.8 Tua.O4-08-1991 Dir; DATA\ 

TECKLENBURG RANCE 
14860 N. WELLS LANE 

JILL(6.33) 86220 Uaorr TEC~NE 

LODI, CA 95240 APPLICATION SITE REPORT 
From 01-01-97 to 04-08-97 

. 
I---------------~C~~~~~D~--ApPLIID --I--- TOTAL ---lDILUT.)----- APPLICATION ----IAPPLI.) TOTAL I A-l! I 
I-- IU~RIAL ---I Barr I- mu&t RAm/AcRt 1 MATR. APPL IVOLvntI------ REASON --------ll4ETEODI COST $20. ICOST $ZO./Al 

ImmLBNBuRG l-11 crop I APPLB Ewvo~tr IO-15-96 

I 
I 

I 

I 
I 

I 
I, 
I 

I’ 

I 

I 

I 

GLYPSOS )Ol-N-971 6.50 

GOAL 2x 111:oo 1 #SO 

SLI-TROL 90D? 1 I 
SUlWLANA8 I I 
SUPIRCIDC UP IO2-21-91 'I 10.00 

SUPBR 94 OIL lO8cOO I e74 

AGRA-nxcIl4 17 (03-10-97 ‘1 8.50 

PROCURR 5ouB )09:00 1 #76 

2.00 GTl 

2.00 QTl 

1.00 LB1 

2.00 QTl 

4.00 WI 

6.00 GALI 

8.00 021 

8.00 021 

1 Total aoar 6.50 ACRE I I 
4.2s GALt40.00 

4.2s GALI 

8.50 LB! 

4.25 GAL! 

NRBDS 1 GROUND 1 
APPt TEcxLxNBuRG t I 

t t 
I I 

40.00 LB~2OO.OO~AFliID t GROUND t 
60.00 GAL] IAPP: TBCXLZNBURG t t 

66.00 or~loo.ooIPmmLxGaT t--D1 
4.2s LB! !APPr TBcxLaBuRG I t 

16.00 LB(100.00~mlnS 6 FIRE SLIGaT, StGROUND( 

46.00 021 IAPPr TBcxLnmuRG I I 
18.00 LB) I I I 
6.00 GAL! I I I 
o.ss GAL! I I I 

t t --..--- ------w-B----------- --ICOST 1 

TEIODAN SONP (or-or-971 s.oot 3.00 LB1 

AcRA-l4rc1n 17 (Oft45 I #64 I 8.00 art 

TBIMJIHP t t t 3.00 LB] 

9-16-9 t I I 1.00 GAL! 

1 sxNsPRAx I I I 12.00 021 

1 To.y~-----( 4 I 33.ootAPw 

I ------XISLD---I A~125.00 BUBW/XRS ITcyEAL:212.50 8USSELS~ --------_------------- 1 INCoI[c 1 

t M---------- t t t --------------L t------t-------------------m-- IDI- 

I GRAmToTAL--I4 1 33 .OQ 1 --u---u- -M-e t I --m-m- --_-------_----------- ICosT I 

t ----------- 1 t t --------e------ t t ------ --_--_-_-------------- !I==! 
I ---------- I t t --------------- I t ------ -----------_---------- tDI-t 

I I 
216.75 1 120.62 

I 

442.00 1 
I 

35.70 t 
I 

330.86 1 
I 

640.00 1 98.24 I 
195.00 I I 
138.04 1 45.49 I 
248.63 t t 
129.60 t 36.57 1 

97.44 I I 
36.00 t I 
27.00 t I 

20.81 1 I 

2557.63 1 300.92 I 
5312.50 1 625.00 I 
2754.67 1 324.08 t 

2557.83 1 

5312.50 t 

2754.67 t 

300.92 I 

625.00 t 

324.08 t 

. 
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1 State of Califoenir 

Memorandum 

lo George Lew, Chief 
Engineering and Laboratory Branch 
Monitoring and Laboratory Division 
Air Resources Board 
600 North Market Boulevard 
Sacramento, California 95812 

Oalr March 20, 1996 

Place 

FlOtll Oepartment of Pesticide Regulation - 1020 N Street, Room 161 
Sacramento, California 958 14-5624 

Subtrcl MONITORING RECOMMENDATION FOR ENDOSULFAN 

Attached is the Department of Pesticide Regulation’s recommendation for monitoring the 
herbicide endosulfan. Tbi s recommendation is provided pursuant to the requirements of AB 
1807/3219 (Food and Agricultural Code, Division 7, Chapter 3, Article 1.5). As you know, 
monitoring recommendations are made using historical use information for the pesticide in 
question. For this reason, it is essential that the agricultural commissioner, in the county or 
counties where monitoring will be conducted, be consulted prior to the onset of air 
monitoring. 

We anticipate submission of air monitoring data by October 1997. 

If you have any questions please contact Kevin Kelley, of my staff, at (916) 3244187. 

Environmental Monitoring and Pest Management Branch 
(916) 324-4100 

cc: Paul H. Gosselin, DPR 
Charles M. Andrews, DPR 
Ronald J. Oshima, DPR 
Gary Patterson, DPR 
Barry Cortez, DPR 
John Donahue, DPR 

Kevin Kelley, DPR 
Madeline Brattesani, DPR 
Genevieve Shiroma, ARB 
Ruth Tomlin, ARB 
Cara Roderick, ARB 

Cosmo C. Insalaco, Fresno County Agricultural Commissioner 
Mark Lockhart, Lake County Agricultural Commissioner 
Erwin B. Elby, San Joaquin County Agricultural Commissioner 
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California Department of 
Pesticide Regulation 
Environmental Monitoring and 
Pest Management Branch 

Staff Report 

USE INFORMATI’ON AND AIR MONITORING 

RECOMMEND’ATION FOR THE PESTICIDAL ACTIVE 

INGREDIENT ENDOSULFAN 

March 1996 

. 

Principal Author 

Kevin C. Kelley 

Associate Environmental Research Scientist 
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MONITORING RECOMMENDATION FOR ENDOSULFAN 

To fulfill the requirements of AB 1807/3219 (California Food and Agricultural Code, 
Division 7, Chapter 3, Article 1.5), the Department of Pesticide Regulation (DPR) has 
previously requested that the Air Resources Board (ARB) document the airborne 
concentrations of the pesticide endosulfan [(3a,5ap,6a,9a,9ap)- or (3a,5aa,6P,9P,9aa)- 
6,7,8,9,10,lO-Hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3-~enzo-dioxathiepin-3- 
oxide]. This recommendation provides background and recent use information on endosulfan 
containing products, and identifies how they are used. 

The technical grades of endosulfan are mixtures of two stereoisomers a-Endosulfan (6467%) 
and P-endosulfan (32-29%) with approximately 4% other material. a-Endosulfan 
[(3a,Sa~,6a,9a,9a~)-6,7,8,9,10,1O-Hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-merhano-2,4,3- 
benzodioxathiepin-3-oxide] (CAS: 959-98-8) and /3-endosulfan [(3a,5aa,6P,9P,9aa)- 
6,7,8,9,10,10-Hexachloro-l,5,5a,6,9,9a-hexahydro-6,9-methulo-2,4,3-benz~oxat~ep~-3- 
oxide] (CAS:33213-65-9) are colorless to brown crystals emitting a sulfur dioxide-like odor. 
Endosulfan has a molecular formula of CsHJ&O$, a formula weight of 460.92 g/mole and a 
specific density of 1.745 at 20 OC. Endosulfan has a vapor pressure of 10e5 mmHg at 25 OC, 
but water solubility (SW), and Henry’s Constant (Kd vary with isomer. a-Endosulfan 
S, - 530 ppb at 25 OC, KH - 1.01 x lo4 atm-m3/mol at 25 “C, B-endosulfan S, = 280 ppb at 
25 “C, KH = 
solvents. 

1.91 x 10” atm*ms/mol at 25 OC. Both isomers are soluble in most organic 

The hydrolysis half-life (t,J of endosulfan in water (25 OC and pH 7) is 218 hours for 
u-endosulfan and 187 hours for findosulfan. In plants the tU2 for conversion of 
a-Endosulfan to P-endosulfan is approximately 60 days, and the tli2 for the conversion of 
P-endosulfan to endosulfan sulfate is 800 days. Each isomer forms its respective sulfate on 
exposure to light in surface waters. 

Degradation of endosulfan in soil yields a mixture of endosulfandiol, endosulfanhydroxy 
ether, endosulfan lactone and endosulfan sulfate. Endosulfan sulfate is the major 
biodegradation product in soils under aerobic, anaerobic and flooded conditions. In flooded 
soils, endosulfandiol and endohydroxy ether were also reported. In sandy loam soil, 
microorganisms are responsible for degrading endosulfan to endosulfandiol, and further to 
endosulfan a-hydroxy ether and trace amounts of endosulfan ether. Both products are 
subsequently converted to endosulfan lactone. This soil transformation pathway is followed 
by both isomeric forms. 

The acute oral LDse of endosulfan for rats is 70 mg/kg (aqueous), and 110 mg/kg in oil. 
Acute LCM (l-hour) for rats > 21 mg/L air. Acute dermal LDM is 5OO mg/kg for rats md 
369 mg/kg for rabbits. The LCs,, (96 hour) irrespective of isomer are 0.3 pg/L for rainbow 
trout, and 3.0 pg/L for white sucker. Endosulfan has entered the risk assessment process at 
DPR under the SB 950 (Birth Defect Prevention Act of 1984) based on its potential 
reproductive and neurotoxicity adverse health effects. , 



As of March 8, 1995, there were 19 active registrations for products containing endosulfan. 
Eighteen are agricultural products and one is a home-garden product. Formulations of 
endosulfan include granulars, emulsifiable concentrates and wettable powders. Technical 
endosulfan is formulated as a dust. The Signal Words on agricultural endosulfan-containing 
products are “Danger: or “Danger/Poison” 
product. 

, and “Warning” on the home garden (9.15% AI) 

Use of endosulfan for 1993, 1992 and 1991 is summarized in the following tables: Table 1, 
endosulfan use by year; and Table 2, endosulfan applications in Fresno County. Agricultural 
use of endosulfan for the eleven counties listed in Table 1 accounts for 92% to 97% of total 
endosulfan use. Remaining use is for the treatment of containerized plants and flowers in 
greenhouses and nurseries. 

Table 1: Endosulfan Use by Year, 
(Pounds of Active Ingredient) 

County ‘1993 1992 1991 

Fresno 116,248.76 150,302.29 64,431.70 

Imperial 45,847.24 56,700.93 143,111.70 
Kern 74,771.36 63,086.13 35,941.Ol 

Rings 27,243.66 9,371.94 4,407.76 

Lake 1,435.33 2,183.34 4,065.62 

Madera 3,993.57 6,080.14 11,017.66 

Riverside 24,250.59 32,096.95 22,405.34 

San Joaquin 3J91.48, 6,944.20 4,385.12 

. Stanislaus 1,651.88 2,549.94 2,281.04 

’ Suffer 4,545.89 8,589.03 2,758.43 

Tulare 52,385.36 30,765.79 17,480.53 

County Totals 355,565.13 368,670.68 312,285.91 

TOTAL CA USE 366JlO8.3 383,006.7 339,581.3 

The Pesticide Use Report (PUR) data summarized in Table 1 show that the, largest 
applications of endosulfan generally occur in Fresno County. Although applications in 
Imperial County in 1991 were 2+ times greater those of Fresno County, this use probably 
was the’result of the silver-leaf whitefly infestation which occurred there during the summer 
of that year. Additionally, PUR data indicates that the greatest applications generally begin in 
May and June Peaking in either July or August depending on year (Table 2). 

‘“9 0 .(.,. .“.:;. . 



Table 2. Endosulfan applications in Fresno County 
(Pounds of Active Ingredient) 

Fresno County 1993 1992 1991 1 

RECOMMENDATIONS: 

Ambient Air Monitoring. 

‘ 

The use patterns for endosulfan suggests that monitoring should take place in Fresno County 
during a 3O- to 45-&y sampling period in the months of July and August. Three to five sampling 
sites should be selected in relatively high-population areas or in areas frequented by people. 
Sampling sites should be in cotton or grape growing areas but not immediately adjacent to fields 
to which endosulfan is being applied. At each site, twenty to thirty discrete 24hour samples 
should be taken during the sampling period. Background samples should be collected in an area 
distant to endosulfan applications. 

Replicate (CO-located) samples are needed for five dates at each sampling location. Two 
co-located samplers (in addition to the primary sampler) should be run on those days. The date 
chosen for replicate samples should be distributed over the entire sampling period. They may, 
but need not be, the same dates at every site. Field blank and spike samples should be collected at 
the same environmental (temperature, humidity, exposure to sunlight) and experimental (air flow 

rates) conditions as those occurring at the time of ambient sampling. Since endosulfan is known 
to partition into fogwater, samples collected during fog episodes should be designated as such. 

Monitoring of an Application Site. 

There is no specific use pattern for endosulfan where the application rate is greater than 
1.5 lbs AI/acre. PUR Use data (1991 through 1993) indicates that endosulfan applications 
to grapes (wine and fresh market) in Fresno and Kern counties routinely occurs from May 
through August but use rates rarely exceed 1.5 lbs AI/acre. Applications of endosulfan in Lake 
County to pears regularly exceeds 2.0 lbs AI/acre during September and October. Applications 



co cherries or apples in San joaquin County during April exceeds 2.25 Ibs AI/acre; Applications 
co nectarines in Fresno County also in April exceeds 2.1 lbs AI/acre. 

Use patterns for endosulfan suggests that application-site monitoring should be conducted during 
the months of September or October in Lake County, and that the application be associated with 
pears. Alternatively, monitoring may be performed in San Joaquin County in April (applications 
associated with cherries or apples) or in Fresno County during April (applications associated with 
almonds. Although endosulfan is not used extensively on these crops during this period, care 
should still be taken so that other applications to nearby groves during the sampling period do 
not affect sample collection. A three day monitoring period should be established with sampling 
times as follows. Application + 1 hour, followed by one &hour sample, one &hour sample, two 
8-hour samples and two 2+hour samples. A minimum of four samplers should be positioned, one 
on each side of the field. A. fifth sampler should be co-located at one position. Since endosulfan is 
extensively used in the area, background samples should collect enough volume (either 12 hours 
at 15 liters/min., or a shorter period with a higher volume pump) to permit a reasonable 
minimum detection level. Ideally, samplers should be placed a minimum of 20 meters from the 
field.. Field blank and field spike samples should be collected at the same environmental 
(temperature humidity, exposure to sunlight) and experimental (similar air flow rates) conditions 
as those occurring at the time of sampling. 

We also request that you provide in the monitoring report: 1) An accurate record of the positions 
of the monitoring equipment with respect to the field (Please include the exact distance that the 
sampler is positioned from the field), 2) an accurate drawing of the monitoring site showing the 
precise location of the meteorological equipment, trees, buildings, and other obstacles, 3) 
meteorological data collected at a minimum of 15 minute intervals including wind speed and 
direction, humidity, and comments regarding degree of cloud cover, and 4) the elevation of each 
sampling station with respect to the field, and the orientation of the field with respect to North 
(identified as either true or magnetic North). Samples collected during fog episodes should be 
designated as such. 
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LOG BOOK 
Project: Endosulfan Ambient 

Project k C96-034 ~ 

weather 
0 = over cast 

Log Sample Date Time Comments 
Number ID 

pc = partly clou 
k = clear I taker 

?- ?A bq# - I -----_ ’ by 

I 1 I / CP 



LOG BOOK 
Project: Endosulfan Ambient 

Project #: C96-034 

0 = overcast 
pc = partly cloudy 
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LOG BOOK 

Project: Endosulfan Ambient 
Project #: C96-034 



LOG BOOK 
Project: Endosulfan Ambient 

Project I: C96-034 

weather 
0 = overcast 

Date Time Comments PC = partly cloudy 
k = clear 1 taken by 



LOG BOOK 
Project: Endosulfan Ambient 

Project II: C96-034 

. 

weather 

Log Sample 
0 = overcast 

Date Time Comments 
Number ID 

PC = partly cloudy 

I I I A 

1 
I 

I/ II I 
I \’ I I’ 



LOG BOOK 
Project: Endosulfan Ambient 

Project #: C96-034 
C 

weather 
0 = overcast 
pc = partly cloudy 
k = clear 1 taken by 



LOG EOOK 
Project: Endosulfan Ambient 

Project #: C96-034 



i LOG BOOK 
Project: Endosulfan Application 

Project I: C97-004 

weather 
0 = overcast 

Log Sample Date Time Comments 
Number ID 

PC = partly cloudy 
k = clear I taken bv 



LOG BOOK 
Project: Endosulfan Application 

Project X: C97-004 

Log Sample Date Time Comments 
Number ID 

I I I ’ il 

t 

ha , I IG 

I I I 

weather 
0 = overcast 
PC = partly cloudy 
k=clear ltaken by 

I 



LOG BOOK 
Project: Endosulfan Application 

Project I: C97-004 
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ENDOSULFAN APPLICATION METEOROLOGICAL, DATA (15 min. averages) 
I 

Wind Barometric Wind 
Julian Speed Temp. Pressure Relative Direction 

Year Date Time (mph) IF) W4 Humidity (degrees) 

I 
if L, 

1997 97 19181 

.--. 

I 

ii1 --*- 1997 2133 
1997 971 2148 

L I 

1997 97 i- _ _, . .--, --.- 
1997 97 23Ad n nnl sic; 3t 
1997 98 01 

I 981 01 

._-. - .-- 
1997 0148 -.--, 
1997 98 0203 0.001 



ENDOSULFAN APPLICATION METEOROLOGICAL DATA (15 min. averages) 

Wind Barometric Wind 
Julian Speed Temp. Pressure Relative Direction 

Year Date Time (mph) (F) Wa) Humidity (degrees) 
1997 98 0518 0.13 44.2 1014.0 88.3 120 
1997 98 0533 0.00 43.7 1014.0 89.9 87 
1997 98 0548 0.00 42.7 1014.0 95.4 253 _ 

I 
I 

19971 .--. 981 I 0603 
981 0 

0.00 42.2 1014.0 95.4 156 
19971 618 0.00 4118 1014.7 95.8 176 
19971 981 0633 0.00 41.3 1015.0 95.3 164 
lQQ7l QFII I-MAR 0.00 40.7 1015.0 98.4 144 

a C-IQ 41 .l 1015.0 99.1 81 

t 

I -. -- 

19971 981 07481 

.--. 
1997 ti - . -, -. --, 
1997 98 09031 7.101 

5.171 58.31 
t --.- .-.- 
I 

19971 .--. WLI I 09481 iii 59.4 
19971 981 ; 

1015.-, -..-, 
I ._ .0031 3.61 60.7 1015.01 62.61 

19971 981 1018 
I 

3.70 62.1 1015.0 58.9 271 
19971 981 1033 5.51 62.2 1015.0 60.8 265 

t 048 4.35 62.3 1015.0 82.1 277 19971 981 IlfU 18A 
63.4 1015.0 63.6 285 
63.7 1015.0 63 cl 277 t 

.--. I I 

981 .'--I -*-. 
I 

19971 1118 1.681 
t 

.- I 

--.. 
I . - . -.- 

t 

19971 .--. 981 
I 11331 

981 '*- 
1.741 64.11 1015.01 is: pi is; 

I 
19971 114 . 81 .- 0.581 

I 
64.71 
- ..- I 

1015.ol 
.-.-.- 

54 1 
- .-( 

286 

1 

19971 
.--. 

981 I 

981 
17ngl 
'-- 

1.361 65.01 1015.01 55.. ~~3 289 
19971 121-, 81 0.871 -.-., 65 91 --.-, 1015 01 .-.-.-, 53.7 267 

\ 19971 .--. 981 98 13TII V&W" 1 All s..s 1 RG 71 "". , dnic; nl I" I".", 52.2 270 
1997 1248 l.Qli ..-. 6771 -..* I lnlsnl .- .-.-, 51.3 262 
1997 98 1303 1.771 
1997 98 1318 OA& 

67.51 1014.51 
68.4 io14.0 

49.2 272 
46.9 273 

I 69.9 1014.0 43.6 281 19971 981 1 BAGI 
0.01 I 70.7 1014.0 42.1 252 

t 

I I 

981 .-'-I -..- 
I 

19971 1333 0.131 

I 

.--. I I 

19971 ii '-'-I 1403 

E3E 981 I 14181 . .-- 0.001 o.ool 70.71 70.91 1014.0~ 1014.01 
4071 2761 .-.. -. - 
40.3 282 

1433 0.001 I 71.91 . ..- 1013.1 I .-.-.. 40.8 269 
48 , 6.42, 71.91 1013.ol 38.5 272 

1503 1.151 71.81 1013.01 39.8 260 
” ‘“, 1. . . , ..” 1” .“.“I 39.0 254 
5331 3.141 71 A 1013.01 37.8 259 
--... -. .- - -*- .” .-.- 36.7 257 

-603 5.43 71.6 1012.6 34.7 250 
1618 6.73 -.. -, 71 A . . . . In170 .- .-. 33.0 278 

6331 41 4lzl I ,.,a, 74 rl I ,.a, rn4* IUIL.0 31.1 271 

981 
I 19971 981 144 
I 19971 981 .-_. .--- 1 . .- . ..- .-.-.- 

1997 ii 15lRI A A71 71 RI in42 nl 
1997 98 l--, -.. ., . ..-, .-.-.-, 
1997 98 15AAi 7Atll 71 RI InI3 nl 

17 98 1 pi7i 
a- 

t 

_ --. I 

19971 981 ; 



ENDOSULFAN APPLICATION METEOROLOGlCAi DATA (15 min. averages) 

Wind Barometric Wind 
Julian Speed Temp. Pressure Relative Direction 

Year Date Time (mW IhPa\ Wllmiditv Idnnroaa\ 

1997 98 1648 id 
1997 98 171 

I 

.--. I I 
19971 981 18031 .. .- ii 

I 
.--. I I 
19971 iii '-'-I I a33 

I 
I -- .- 

19971 981 21031 

.--. ---- 1997 ii 2133 .-..., -.~-, ._._ 
1997 98 2148 15.661 53.91 101: 

I 
~7 0148 ..--, 

1997 QQ n7f-n R ml 
7 ! ;il 0;;;; s:;s 

99 0233 6.09 
39 0248 6.00 
-- -v-w 3.92 
391 03181 6.10 

I 1997 QQi tIXI%l F .--. 
1997 i-, --.- 
1997 991 0333 isi 
19971 991 0348 6.80 

I 19971 991 04031 s.59~ 

.-.- 

. -. -.- . -.- 
I 

48.61 1013.01 71.91 
48.7 1013.0 71.5 
48.5 1013.0 71.7 
48.4 1013.0 72.0 
48.3 1013.0 71.9 
48.0 1013.0 72.9 
46.1 1013.0 72.4 
47.8 1013.0 72.1 
47.5 1014.0 72.1 264 



ENDOSULFAN APPLICATION Ir UlETEOROLOGlCAL DATA I1 5 min. averaaesl 
I 

\ _ - ------- -----a--, 
I I I I I I I 1 

t 
19971 991 0433 iii 
19971 991 0448 6.47 

5.85 I 19971 99r 05031 

I 19971 .--. 991 , 06331 -- .- 

t 19971 iill 
-. -- 
07481 i : 

..-- 1997 ii 1118 
1997 99 1133 

7.201 SO.11 1013.3 33.7 252 
7.211 SO.61 1013.0 33.1 300 

I 
. . .- . .-- - ..- 

19971 17,nnl R73 

t 
.--. 
19971 &i ': I. 

I I . --- -.-. --.- .- .- 
19971 1 RARl R MI RR nl in43 

t 

I I 

991 .-'-I ..-- 1533 2.231 1 

10.6 



ENDOSULFAN APPLICATION METEOROLOGICAL DATA fl5 min. averaaesl 

Wind Barometric 
Julian Speed Temp. 

Year Date Time (mph) F) 
19517 99 1 r;AR 7 in RR 7 1ni1 n 

I 19971 991 16331 5.341 69.' 

I .- 
.” 

19971 991 II ..-. 151 RQ --. RI . inin . _.” nl 

I 
.- ..-- 

19971 18031 7.201 

I 
.--. I I 
19971 991 .-.- 18331 

t 991 I -- 21031 .- 8.071 . .-- 

_,-._ 

57.81 

t 

.--. 
I 

-. ." 
I 

19971 991 21331 6:kIl 

I 
.““. 1gg7, .““, ;;;;;, ..“. ;;:: .” .“.” 

*--- 
t 

I 1001 . -- 2.58 1010.0 70.6 ;;I; 
19971 .--. 1nnl .-- I J233 0.49 51.6 1010.0 71.6 294 
19971 100 0248 0.35 50.7 1010.0 74.0 287 
19971 100 0303 0.22 50.2 1010.0 75.1 297 



I METEOROLOGICAL DATA (15 min. averages) ENDOSULFAN APPLICATION , - - -*-I 

Wind Barometric 
Julian Speed Temp. Pressure Re 

---- . . ...” 

71 innl 

_.-- 

--.- 
._.“.” 

9971 1001 05181 2.831 47.71 1010.0l 

t 

_.~. 

19971 I.741 .-.- 
I . - . "." 

1001 05481 47.61 1010.0l 
I 

I -.- 66.3 306 
t- 19971 100 .--I ; ISOSI 3.601 66.4 19971 47.8) ;olo.ol 285 1OOl 

0618l 2.331 47.41 I lOlO.Ol . - . -.- 67.7 297 
16331 2.351 47191 1010.71 66.1 294 
16481 2.591 48.01 lOllI 65.6 336 

~. ..o 66.8 278 
Sal da 51 inli n 66.9 270 

07031 
-.-- 

.-.- p-pm I 19971 1001 7 481 48.11 1011 
t 

-- I 

19971 lOOI -'--I 0718 11, 
I 

I ..-- 

.-.- 
I .“. a.- 

19971 1001 0733 I 0.141 SO.01 lOll.Of 

t 

-- ." 

19971 1001 08331 3: 

.--. '-- 1 
1997 100 1033 '-'"I 
1997 100 10 

.- .-.- 
--m 2.511 61.81 1012.01 

1012.0 
44.3 227 

I ~48 3.401 42.9 267 19971 62.01 1001 
iin 1.071 62.91 1012.0 42.2 288 

243 t 

.--. I 

19971 100 '--I .*- 111 I . 81 2.221 63.91 1012.0~ 40.51 --- I I . .-.- - 19971 1001 lidSi 
1601 65.51 1012.01 

t--S . - .-.- 

I 
1001 

Gii7l .-- 
I 

1218 

t 19971 1001 ; 

1.13 
67.1 1012.0 --- 

233 1.53 67.7 1011.7 1001 35.8( 7AQl 
1248 1.46 68.6 . 1011.0 34.61 

- .” 

t 
._-. 
19971 --- 

I 303 
t 1001 ; -303 1.27 69.2 1011.0 33.8 271 

I 
19971 1001 

19971 .-- 
I 

1318 

1001 ; 
0.56 70.3 1011.0 32.5 321 

333 0.73 70.9 1011.0 30.7 309 
29.2 302 c --- - 

. 
-.- 1997 100 1348 0.01 71.4 ;o;o:s L-.-, -__ 

1997 100 1403 0.00 71.8 1010.1 28.9 320 
1997 100 1418 0.04 72.4 1010.0 27.4 328 
1997 100 1433 0.03 72.5 1010.0 26.1 286 



ENDOSULFAN APPLICATION ME1 

Julian 

rEOROLOGlCAL DATA (15 min. averages) 

Wind Barometric Wind 
Speed Temp. Pressure Relative Direction 

-..- -- - 
0.271 72.91 1010 01 77 Al m7 

1 . -.- 

.-- 17481 iii 73.01 100 

---.- 
8.191 70.01 1008.01 9971 1001 18331 

--._ . ---.- 

19971 1001 19031 7.611 68.1 I 1008.01 ii 

r 1997) 1001 19481 6.471 
--_. . I 

64.31 1009.01 "'i 43.5 
b -I” 

1997 100 2003 6.61 63.41 1009.0 44.6 272 
1997 100 2018 7.25 I 62.71 1009.0 46.8 274 

7 100 2033 6.76 62.11 1009.0 46.9 272 I .nn 

I 
IJJ -.- 

I 
19971 1001 20481 7.871 ._. 61.71 

6.571 -.-. 
I 

lOOQ.Ol . ---.- 265 
19971 

45.31 
1001 21031 SO.91 1009.01 ii 3.7 264 

19971 1001 21181 5.151 60.21 lOOQ.Ol 49.91 765 
f 199 , .--, -.--, -.-- """," " .., -70 

--_.- 

71 
I 

1001 21331 5 38 59.71 lnna nl si .-'-I 7 34 
58.71 1 1997 100 2148 4.24 .OOQ.O 54.1 275 

1997 100 2203 4.32 57.9 1010.0 55.3 253 
1997 100 221 a 2.63 56.9 10100 58.1 267 

ra -P -9-3 I 
--.- 

19971 IOOI 22331 Et- 
- - . -  .  - .  “ . ”  

57.31 1010.0l 
\ 30. I 111: 

19971 1001 22481 6.451 57.3 1010.0 60.1 270 
19971 1001 23031 5.181 57.0 1010.0 61.2 272 

Is') 4 -'Ia t 19971 1001 23181 
1997 
1997 
1997 
1997 
1997 

100 
100 
101 
101 
101 

2333 
2348 
0003 
*-*- 
00331 

56.31 
5.38 
4.17 
3.96, 

t - -- 
1.201 

lolo.ol 
56.0 101i0 
55.8 1010.0 
55.9 -_.- 1010.0 
56.01 .-'- 
54.91 

1010 .O 
1010.0 

03. I LIO 

64.3 274 
63.9 284 
61.6 292 
59.0 282 
62 4 786 

lOil 
---- . .-- - ._- . -. -.- --. . 

I 
19971 00481 0.001 53.51 1010.0l 65.6 ;i; 
19971 1011 01031 0.121 53.11 1010.0l 65.2 282 

I 
- .-- -_ .- I 

19971 iOil 01181 0.611 i;:il 
I 

299 
19971 loll 01331 0.001 51.31 1010.1l 65.41 66.61 328 - _-- - ..- .-.-.. 
19971 1011 0148 0.09 50.5 1011.0l 66.61 3: 
19971 loll 0203 0.64 50.0 1011 I.01 63.21 332 



ENDOSULFAN APPLICATION ME 

Julian 

iTEOROLOGlCAL DATA (15 min. averages) 

Wind Barometric Wind 
Speed Temp. Pressure Relative Direction 

OSO? _ 
A81 0.2 

F) I 

5481 0.6 

* . . .- 49.0 1011.0 
3.09 48.2 1011.0 
3.82 46.9 1011.0 
1.08 46.6 1011.0 I 

3 46.3 1011.0 
3 1011.0 

(hPa) 1 Humidity (degrees) 
71.8 324 
79.0 68 
82.5 45 
32.8 190 
81.1 283 
79.7 240 

lOll.Ol 80.0 262 
lOll.Ol 81.1 282 

Bl8l 6.2; 

-LI 

2.01 62.2 98 
--,9 170 

3.0 62.0 147 
1013.0 61.0 212 
1013.0 59.0 151 

58.2 107 81 50.71 1013.01 

‘ 


